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DUSK DAWN PATROLS 


The Royal Canadian Air Force nightfighter crews who fly these 
powerful CF-100’s know that they guide one freedom’s most 


efficient weapons the defence North America and Western Europe. 


Four RCAF squadrons CF-100’s have been assigned 
NATO meet its specific nightfighter requirements. 


AVRO AIRCRAFT LIMITED 


MALTON, CANADA 


THE 


“Built for the bush” 


Havilland Otters are playing major role the 


development frontier areas. 


Ability operate with heavy loads and out re- 
stricted areas makes the Otter first choice the forest, 
mining and oil exploration industries. 


2-57 Designed and built 


THE HAVILLAND AIRCRAFT CANADA LIMITED 


Western Sales and Service: Municipal Airport, Edmonton, Pacific Coast Sales and Service: Vancouver, 
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CHERRY 
Aircraft Rivet 


More Effective Fastening 


new, more effective fastener for the aircraft industry 
has been developed and now being produced the 
Cherry Rivet plant Santa Ana, California. Designated 
the Cherry “700,” the new rivet provides wide grip 
range, positive hole fill, high clinch, uniform stem re- 
tention and permits 100% positive inspection. 

The “700” rivet versatile and many cases one 
length each diameter will cover all thicknesses 
material. Also, the sheet hole size not critical with 
other rivets since the design provides positive hole fill 
even oversize holes. The stem always adjusts fill 
the hole which affords high stem retention independent 
hole size. 

The manner which the “700” rivet set provides 
high clinch drawing the sheets together tightly and 


uniformly. When the “700” rivet set, the stem 
shoulder protrudes above the rivet head and gives visual 
indication that blind upset properly formed, the sheet 
hole filled and the rivet properly set. 


This latest fastener advancement typical ex- 


ample how the Cherry Division has paced the industry 


with new and improved fasteners and the tools and 
accessories for applying them—all which are designed, 
developed and produced the Santa Ana plant. 


This plant devoted exclusively the manufacture 
products for the aircraft industry. 


For information, write for the new Cherry “700” 
bulletin Parmenter Bulloch Mfg. P.O. 
Box 636, Gananoque, Ont. 


PARMENTER 
GANANOQUE, CANADA 


Subsidiary 
Parmenter-Townsend Co., Ltd. 


Sales Offices: 


MONTREAL 


WINNIPEG 
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SERVE THE CANADIAN 


AIRCRAFT INDUSTRY 
WITH THESE PRODUCTS: 


Linear and Rotary Electric 
Actuators Pneumatic 


Air Conditioning Systems Freon and Expansion 
Turbine 


Air Control Valves for Industry 
Aircraft Flotation Systems 


Aircraft Fuel System Components, Valves and 
Selectors 


Aircraft Lifting Bags 
Aircraft Rivets all Types 


Air Data Components True Air Speed Systems 
Angle Attack, Static Pressure Compensators, 
Yaw Computer, True Mach, Pressure Ratio 
Transducers, True Thrust Computer 


Air Pressure Regulators 

Air Turbine and Gas Turbine Motors 

Air Turbine Starters 

Compressors Air Conditioning 

Control Cable Quick Disconnects 

Control Cable Tensiometers 

Control Cable Tension Regulators 

Controls Cabin Pressure Systems 

Controls Pneumatic 

Controls Temperature Electric and Electronic 
Magnetic Amplifier 

DC-3 Maximizer Kits 

Differential Pressure Switches 

Dry Film Lubrication Materials 

Electric Heating Elements 

Electric Motors 


Engine Controls, Control Quadrants and 
Pedestals 

Flexible Couplings Flexible Rigid Tube 
Connectors 


Fuel Filters, Strainers 


Gas Turbine Engines Compressors and Shaft 
Power 


Ground Support Carts 


Guidance Components for Aircraft and Missile 
Applications Gyros, Accelerometers 


Harness Reels, Pilot Shoulder Strap 
Helicopter Flotation Systems Floats 


Hydraulic, Fuel Oil and Air Line, Quick 
Disconnects, Self Sealing, Couplings 


Inflatable Escape Slides 
Inflatable Life Rafts and Life Jackets 


Lanyard Release Couplings for Air and Electrical 
Supplies 


Miniaturized Radio Compass Control Panels and 
Amplifier Units 


Missile Power Packages 

Oil Coolers Heat Exchangers 

Pilot and Crew Seats for Military Aircraft 
Pneumatic Motors 


Ram Air Turbine Emergency Power Units 
Electric, Hydraulic Missile Power Packages 


Remote Operated Disconnects for Electric, Fluid 
and Air Lines 


Single Point Refueling System Components 


Snap Action Hermetically Sealed Switches and 
Actuators 


Solenoid Valves 

Survival Equipment Inflatable Shelters 

Trip Free Circuit Breakers Mil Specifications 
Turbines Refrigeration 

Turbochargers for Diesel Engines 

Valves Air Control and Pressure Regulating 


Water Activated Battery Light Sets for Life Rafts, 
Life Jackets and Sea Flares 


The Garrett Manutacturing Corporation Canada, 


subsidiary 


REXDALE, ONTARIO 


REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS * TEMPERATURE CONTROLS ¢ CABIN AIR COMPRESSORS 
TURBINE MOTORS * GAS TURBINE ENGINES ¢ AIR TURBINE STARTERS * CABIN PRESSURE CONTROLS * HEAT TRANSFER 


EQUIPMENT ¢ ELECTRO-MECHANICAL EQUIPMENT © ELECTRONIC COMPUTERS AND CONTROLS ¢ INSTRUMENTS * SURVIVAL EQUIPMENT 


commercial environmental 


test lab Canada! 


One Canada’s first privately owned and commercially 
available environmental test laboratories ready now— 
your service. designed test components and 
systems military and commercial specifications. Here 
are two the many test chambers. The left chamber tests 
temperatures from —35° 300° F., and humidities 


from 20% 98%. The right chamber provides 


write for information this new 

industry. Quotations are available 


PSC APPLIED RES 


1500 O’CONNOR DRIVE 
PLYMOUTH 5-3371 


TORONTO 


Qualification 
for your products 
research 
current MIL Specs.: 


temperature 
high 
altitude 
humidity 
shock 

vibration 
salt spray 
and 


Preparing test Company produced rocket-firing intervalometer —65° 60,000 feet altitude 
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Part view the machine shop 
the Toronto plant Lucas-Rotax 


There only one company Canada with complete, self-contained facilities 
for design, development, quantity production and service aircraft electrical 
systems and fuel systems for gas turbine engines Lucas-Rotax. Out this 
leadership have come such products as... 


PORTABLE HIGH ENERGY IGNITION for field 
testing complete gas-turbine engine high energy ignition systems. Test cycle 
automatically timed and recorded. 


NAVIGATION LIGHT FLASHER designed for oper- 
ating extremely high altitudes and ambient temperatures, this unit weighs only 
ozs., contains rotating parts! 


ALTERNATOR DEV 30KVA continuous 8000 RPM 
with cooling air 250°F. Has 84% full load efficiency. Weighs only Ibs. 


early consultation with Lucas-Rotax sales engineer 
can help you solve your aircraft engineering problems 


TORONTO—2200 Avenue East, MONTREAL—5595 Royal Mount Avenue, 


LUCAS-ROTAX equipment used civil and military Including 100, Viscount, North Star, Sabre, 


The first CL-28—the largest aircraft ever 
built Canada—rolled off the production lines 
within hours schedule set years before. 


Now completing its rigorous pre-flight test program, 
Canadair’s CL-28 has been designed specifically 
anti-submarine aircraft for search and patrol 
duties with the RCAF’s Maritime Air Command. 


Canadair’s CL-28—known the RCAF the 
CP-107—is four-engine, very long range, long 
endurance sub-hunter and killer. carries the most 
comprehensive collection electronic and other 
detection equipment ever assembled into one air- 


craft for locating, tracking, and ‘fixing’ enemy sub- 
marines—whether submerged, ‘snorting’ the 
surface. Once contact, made, torpedoes, depth 
bombs, and other offensive weapons are released. 


Now quantity production Canadair’s Montreal 
plants, the CL-28 will strengthen our maritime 
defences for the safety the nation and—through 
NATO—for the greater security the Western world. 


CANADAIR 


4a LIMITED, MONTREAL 


Aircraft Research and Devetopment 


Guided Missiles Nuclear Engineering 
CAS7-CANC-3A 


-28 
| 
= 
A 
{ 


CANADIAN AERONAUTICAL INSTITUTE 


PATRON 


H.R.H. Prince 


COUNCIL 1956-57 


PRESIDENT 


Mr. STEPHENSON 


PAST PRESIDENT 


Mr. 


VICE-PRESIDENT 
Mr. ScHAEFER 


COUNCILLORS 


Mr. 
Mr. 
Britton 
Mr. 
Mr. 
G/C 
Mr. 


Mr. 
Mr. Newey 
Mr. Grant 
Mr. Best 

Mr. Youne 
S/L 


SECRETARY-TREASURER 
Mr. Lutrman 


CANADIAN AERONAUTICAL JOURNAL 


Publications Committee: 
Mr. 

Mr. 

Mr. 
Editor: Mrs. Ross 


Subscription—$4.00 per year. Single cents. 
Published monthly, except July and August. 


The Institute not responsible for statements opinions 
expressed papers discussions printed its publications 


All communications should addressed THe 
Canadian Aeronautical Institute, Metcalfe St., Ottawa 
Ontario, Canada. 


Authorized second class mail, Post Office Department, Ottawa 


Printed Tue Runce Press Ontario, Canada 


| : 


TRANSONIC MOTION 


NAE Photo 


Spark photograph (less than one millionth second 
cylindrical slug flying air speed slightly above the 
speed sound. The air front the shock wave stationary 
and has not received warning the imminent arrival the slug. 
the subsonic region behind the shock wave weak transient 
waves are clearly seen. Notice also flow separation the shoulder 


the slug and development turbulent wake. 
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EDITORIAL 


THE TECHNOLOGIST 


time time, reference made the “missing 

“Technologist”. Europe, the technologist has been 
recognized for many years; North America still 
“missing link” far the general public concerned. 


The true technologist part our industrial team 
that we, this country, must recognize are 
continue our industrial growth. not “almost 
engineer”; should not labelled person that 
does not have quite the intelligence become en- 
gineer; and should not bear the stigma being 
“second 


the industrial team, fits between the engineer 
and the tradesman routine technician. theoretical 
knowledge, approaches the engineer without being 
abstract his thinking and, the same time, 
has appreciation the skills the tradesman but 
usually lacks the practice application such skills 
stand the the engineer and the tradesman. 
the all-important link that makes possible the prac- 
tical development the ideas created the engineer 
into the finished products produced the technicians, 
tradesmen and production workers. 

man aircrew entirely with pilots would waste 
training and manpower and would not produce 
efficient team. industry, adhere this very waste- 
ful practice; expect our engineers the work 
that rightly belongs the technologists. 

great deal this misuse manpower due 
the lack understanding the part industry and 
the general public. classical example this misuse 
the field routine design drafting. general, the 
technologist, specifically trained this field, should 
the work instead the engineer. There are countless 
other jobs, including routine stress analysis, inspection, 
liaison between production and engineering, testing etc., 
that should not done engineers and could better 
done well trained technologists and technicians. 


time isolated this all-important link, the 


technologist, and gave him the recognition deserves. 


March, 1957 


His talents are not those the engineer the true 
meaning; not necessarily less prac- 
tical and can work with his head and his hands. 
should highlighted individual and not cast- 
off engineer. bring out his individuality should 
given title after his name but not baccalaureate 
degree associate degree. 


personal opinion that his education should 
follows. should have high school diploma, 
including the Maths, Sciences and English necessary for 
senior matriculation. his technical education, great 
emphasis should given furthering his studies 
Maths, Sciences and English. There should be, neces- 
sity, courses heavily weighted the theory and allied 
subjects his specialty. should have some shop 
work but this should not the predominant feature. 
should, however, gain much industrial experience 
possible when not attending school. His course should 
terminal; should narrower than the university 
course but should deep. make his course 
university credit course would broaden its scope and 
much value employer upon graduation. Leave 
university credit courses the junior colleges. 


significant percentage university students should 
taking such programme. The type person who 
becomes efficient technologist one who has the 
ability undertake much the work done engineers 
today. Let not waste our engineering manpower 
imposing the additional burden the work that should 
done the technologist. Let put engineering 
where belongs and should be. 


The success automation will largely dependent 
upon the technologist. matter fact, the success 
our future, industrially, may hinge upon our ability 
produce this man, the man the hour, the 
Technologist. 


Vice-Principal 


Provincial Institute Technology and Art 
Calgary 
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THE AIRPORT AND AIRWAYS SURVEILLANCE 
RADAR FOR CANADIAN AIR TRAFFIC 


McCaffrey* 


Raytheon Manufacturing Company 


“Two jet planes flying collision course 500 
miles per need see each other two miles apart 
they are pass safely. they are only one mile apart, 
and closing thousand feet more second, there 
nothing the pilots can avoid 

“Reports came from Europe that pilots Comet air- 
liners shuttling between London and Rome had mever 
once seen each other even though they often passed 
close by. the U.S., jet bomber accidentally passed 
through formation what the pilot thought 
three other jets, nicking the tail one, only learn 
later than been formation six and that 
one the formation, even the plane had known 
the 

fewer than seven per cent the 300,000 trained 
pilots the U.S., commercial and private, are able 
fly today’s bad-weather control system.” 

right now the U.S. control except 
around airports and when the weather turns bad. Under 
normal conditions every plane the sky allowed 
fly pretty much pleases, controlled only the 
Visual Flight 


excerpts from article the September issue 
Fortune, “The Price Air Safety”, Edmund 
Van Deusen, point the need for better all-weather 
air traffic control. The increase speed and amount 
traffic aloft will make Grand Canyon crashes all too 
common not soon have major overhaul. 


The Civil Aeronautics Administration shaken 
year ago the U.S. Secretary Commerce Weeks 
has high pressure program just that. The 
CAA, itself, reorganizing and expanding; some 3,000 
more traffic controllers and airways engineers will swell 
its ranks next year. has 246 million-dollar program 
improve the country’s air-traffic system which 
administers. months, according Deputy Admin- 
istrator James Pyle, the CAA provide instrument 
facilities all over the nation for planes flying higher 
than 15,000 


+Paper read the International Meeting Toronto 
the 27th November, 1956. 
*Project Engineer. 


Thus, may able nip the bud situation 
which threatens become confused traffic the 
ground only more dangerous! 

Canada, meanwhile, there more visible evidence 
action solve the problems. mid 1955 the De- 
partment Transport called for bids Airport and 
Airways Surveillance Radar systems provide almost 
continuous radar coverage from coast coast. This 
step represents the first move long-range program 
which should give Canada air traffic system 
second none today and the years come. The 
installation radar equipments not the whole solution 
the problems, course, but the first necessary 
milestone. brief glance some the problems 
they exist North America today will point the 
necessity for immediate action and the soundness 
the decision the Government Canada initiate 
modernization program without further delay. 


Speaking from experience, the writer, travelling 
recently from Washington, D.C., Boston, Mass., 
normally three-hour trip spent six 
hours seated the aircraft. More than three hours 
were spent “holding patterns” and taxi strips 
touchdown points such Wilmington and Idlewild. 
The problem inadequate air traffic control facilities 
the east coast for adverse weather conditions. 


the United States and Canada the rate increase 
air traffic has greatly exceeded the prediction 
experts since World War Toronto 533 arrivals 
and departures are handled daily. The same true 
Montreal. This rate increasing yearly rate 
twelve per cent. 


airports remote Gander, Newfoundland, 100 
aircraft land and take off daily; arriving from and de- 
parting for overseas points. This traffic cannot nicely 
spaced share the full hours the day. Owing 
the distances travelled, all aircraft would like arrive 
and depart the same time and would like take 
advantage the same favorable winds and altitudes. 
Canada’s responsibility handling such traffic and 
from the United States extends from Newfoundland 
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across the Maritimes the U.S. border. Responsibility 
does not decrease when adverse weather prevails. 

course, airborne equipment such anti-collision 
radar, radio altimeters, beacons and other electronic 
devices may have their places the solution the air 
traffic problem. However, whatever the means, the 
ultimate solution must system which prevents air- 
craft from flying into each other without, any way, 
impeding progress their destinations. 

The seriousness airline traffic has become more 
acute with the advent the jet aircraft with its great 
speeds and excessive low-altitude fuel consumption. Some 
advocate that the answer the problem will require 
continuous traffic control all aircraft from the loading 

oint one runway the unloading point the next. 
All solutions, they operated automatic computers 
the future manually human operators today, 
require precise knowledge aircraft positions. The 
obvious answer for device for providing the necessary 
data collection surveillance with sufficient long- 
range capabilities give the ground control facility 
adequate time for efficient scheduling the traffic into 
and out the airway terminals. 


The equipment specification, written the Depart- 
ment Transport, covering the Airport and Airways 
Surveillance Radar indicates very clearly the require- 
ments for equipment which see uninterrupted duty 
for many years and whose purpose provide 
aid safety human life. Four basic factors are in- 
volved. These are performance, reliability, ease 
maintenance and long life with continuous operation. 


PERFORMANCE 


The most important performance characteristic 
search surveillance radar system its range per- 
formance its ability determine the presence 
target great distances. slightly lesser importance 
resolution the ability separate one target from 
another. Another important feature the ability 
differentiate targets from ground precipitation 
clutter that performance not affected the location 
the system nor conditions weather. The per- 
formance radar system can predicted 
accurately use the “radar equation” which 
written follows: 

Range, Meters 
Power, Watts 
Antenna Gain (one way) 
Wavelength, Meters 
Target Radar Cross Section, Square Meters 
Absolute Temperature, Kelvin 
Receiver Bandwidth, Cycles/sec where 
pulse length, seconds 
Noise Figure 
Integration Factor (See below) 


4 


designing radar equipment, the engineer has some 
latitude the selection the parameters for this 
equation. For others, has choice whatsoever; viz., 
target size, Boltzman’s constant and the absolute tem- 
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NOISE POWER 


SIGNAL POWER 


OUTPUT POWER ——> 


PULSE DURATION = CONSTANT 


BANOWIOTH ——> 


Figure 


Effects bandwidth signal power and noise power 


perature. has very little control over the integration 
factor, and must, all realistic calculations, apply 
the range equation. This factor takes into consideration 
the differences between theoretical and observed radar 
performance. accounts for such losses operator 
fatigue and the amount degradation which equip- 
ment might suffer under normal conditions without being 
noticed the operator. legitimate and necessary 
factor include, for the ability detect targets cer- 
tainly depends the particular operator and the en- 
vironmental conditions. Experience has shown that for 
good operator and PPI, under good conditions, 
figure appears reasonable. The integration 
factor also includes beam shape factor, which allows 
for the fact that not all the pulses received between 
the half power points are the same strength. System 
losses, which result from unavoidable design tolerances 
such parameters bandwidth, are also included. 
necessary include the above “losses” the “radar 
equation” order arrive realistic prediction 
radar performance, for these losses decrease the relative 
strength signals which are wanted and the noise which 
unwanted. the decrease the ratio signal 
noise which limits our ability see the weak signals 
returning from distant targets. this condition which 
prevails television receiver when “snow” (noise) 
obliterates the picture. 


using the radar equation predict performance, 
normally assumed that all parameters are optimum. 
However, the practical case, design limitations 
components yield something short optimum. For 
example, the bandwidth the receiving 
normally designed 2/r instead the 
optimum value. Figure shows the relative effects 
bandwidth signal and noise. Signal power reaches 
maximum value while noise increases linearly with 
bandwidth. The system loss which results 
consideration discussed below using the actual AASR 
parameters. That the losses system have considerable 
effect the performance shown the graph 
Figure The above discussion system losses and 
degradation presented for number reasons, which 


alt can shown that the parameter “B” the “radar equation” 

can replaced 1.2/r where the duration the 
transmitted pulse. The reader referred the bibliography 
for detailed discussion the subject signal and noise. 
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RELATIVE RANGE 


SYSTEM DEGRADATION — 0B 


Figure 
Relative range system degradation 


will become clearer during later discussions the AASR 
equipment design. 

Perhaps more obvious approach the design 
long-range radar system would make all parameters 
the numerator large possible. The value selected 
for the peak power, the transmitter limited 
only the availability suitable components. How- 
ever, observed that doubling the magnitude 
has greater advantage than that reducing the 
system losses factor two. 


For purposes AASR, selection the magnitude 
the transmitted power was governed some extent 
the availability magnetron (transmitter tube) 
with which have had great deal production 
experience not only from its use equipment our 
own design, but also from its use commercial and 
military equipment built other manufacturers. 


Selection the parameters, (the antenna gain) 
and (the wavelength the radiation), must con- 
sidered together. The product, must large 
possible attain maximum range performance. For 
example, the Department Transport specification 
permits the use either cms (S-Band) cms 
(L-Band) wavelength. All other things being equal, the 
choice L-Band will result range performance 
greater the fourth root five, per cent, 
compared with S-Band. There are other factors which 
make L-Band better wavelength for long-range sur- 
veillance radar, one which that attenuation through 
rain much less, permitting easier viewing aircraft 
through storms. 

The choice L-Band not made, however, without 
paying price. stating the advantages inherent with 
L-Band operation, was assumed that “all other things” 
were equal. order have the same antenna beamwidth 
and gain L-Band S-Band, for example, the L-Band 
antenna must have five times the area the equivalent 


RANGE REDUCTION — % 


Figure 
Raytheon antenna, front view 


antenna the shorter wavelength. The design 
antenna sufficiently large dimensions, which would 
still withstand the wind and ice conditions 
occur during the life the AASR system, not 
small task. However, the time bidding for the 
AASR contract, Raytheon Manufacturing Company had 
just completed the design and testing large L-Band 
antenna eminently suitable for the purpose and having 
beamwidth much narrower than the 2.5 degrees speci- 
fied. Dimensions the reflector the antenna are 
feet long feet high (Figures and 4). 


Under some conditions siting, the longer wave- 
length does have disadvantage which not notice- 
able the shorter wavelength. This the phenomenon 
known lobing. Lobing caused propagation 
energy over reflecting surface. the transmission 
path lies near reflecting surface, may possible for 


Figure 
Raytheon antenna, three-quarter view 
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VERTICAL COVERAGE 
(ANGLE ABOVE HORIZON) 


HEIGHT IN THOUSANDS OF FEET 


RANGE IN NAUTICAL MILES. a 100 
"10 20 


ANTENNA HEIGHT 20 FEET ABOVE GROUND 180 


LEGEND: 


PORTION OF LOBE COVERED BY DATA 
PORTION OF LOBE NOT COVERED pata 
SCTHEORETICAL CENTERS OF LOBES 


Figure 


Lobes vertical radiation pattern caused interference 
direct and reflected waves, insert shows geometry 


energy reach the target and hence for scattered energy 
return the radar antenna, way the surface 
well directly. The result combining the direct 
and the reflected wave the target will depend the 
relative intensity and phase the reflected waves, which, 
turn, will depend not only the difference the 
path lengths but also the changes phase intensity 
introduced the process reflection. Figure shows 
the geometry the lobing phenomenon well the 
resulting antenna pattern. 


However, the performance the AASR which 
Raytheon will deliver the Government Canada 
will equal the maximum range any competitive S-Band 
set, even the lobe minima. the lobe maxima, the 
L-Band range will great, even against F-86. The 
long range permits excellent tracking and, even though 
the airplane lost occasionally minima, enough data 
will obtained long range permit maintaining 
contact the AASR for use against friendly aircraft 
which will not making evasive maneuvers. 


The ability the eye detect target the 
radar indicators dependent the number pulses 
striking the target during the time the antenna scanning 
it. The number scans dependent the pulse re- 
currence frequency, antenna horizontal beamwidth, 
antenna rotational speed and the speed and direction 
the target. Accordingly, any one these factors cannot 
considered without reference the others. For 
example, for early warning out 150 miles, the practical 
upper limit for pulse recurrence frequency about 400 
pulses per second. With the pulse rate and beamwidth 
fixed, the ability detect object becomes dependent 
the antenna rotational speed and the movement 
the target. general, slower antenna speeds increase 
the ability detect weak targets, for slower rotational 
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speeds the antenna dwells for longer time the 
target. the other hand, the antenna turning 
too slow rate, fast-moving aircraft might travel such 
distance while the antenna makes one revolution that 
identification particular target might lost amongst 
others during heavy traffic conditions (Figure 6). 

The results such considerations are manifest the 
final design the AASR which discussed below 
detail. 


The prediction the performance the AASR 
based the unprecedented experience, the ap- 
plication surveillance radar, the field use more 
than 1000 AN/TPS-1D systems and the subsequent tested 
performance its successor, the AN/FPS-19. When 
combined with the Raytheon Forty-Foot Cosecant 
Squared L-Band antenna, the customer’s requirements 
will surpassed ways. Table lists the 
specified parameters and compares them with the per- 
formance which the AASR will provide. 


TABLE 
Performance Raytheon’s 
Characteristic Specification AASR 
Range N.M. against F-86 N.M. 
Distance Resolution 1500 ft. 1000 ft. 


Azimuth Resolution 2.5° against F-86 


1.4° against F-86 


Subclutter Visibility 


Precipitation Clutter Required but not 
Cancellation specified 


Antenna Pattern CSC? 18° 


CSC? 60° 


Antenna Rotation Speed rpm 


rpm 


MEASURED PERFORMANCE CHARACTERISTICS 


The coverage the AASR equipment will, virtue 
the high-gain antenna, exceed that Figures and 
factor almost Figure shows the coverage 
the AASR using 16-ft antenna for 50% 
blip/scan against incoming single engine propeller 


MINIMUM DETECTABLE SIGNAL 


SPEED OF ROTATION IN RPM —————> 


Figure 


Effect antenna rpm minimum detectable signal (MDS). 
The smaller the MDS the better the radar. 
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RANGE-NAUTICAL MILES 


4.4.8.8. COVERAGE ON INBOUND SimGLE ENGINE ae 
16 FOOT CSC* ANTENNA 
50% 8/S RATIO - 12 RPM ROTATION 


LOCATION: RAYTHEON MFG. CO. 
HANSCOM AIR FORCE BASE 
BEOFORD, MASS. 


Figure 
Average coverage AASR with CSC? antenna 


airplane. Coverage miles obtained the antenna 
beam, whereas the minimum coverage, owing small 
lobing effect, miles. The lobing slight because 
the lower cutoff the antenna 
beam sharp, causing small il- 
the ground and 
consequently producing only 
small interference the direct 
radiation reflected energy. 
Figure derived from 
large quantity data, sample 
Fourteen runs were made 
seven different altitudes. The 
signal return each antenna 
scan depicted vertical line 
the observed signal strength, 


ALTITUDE - THOUSAND OF FEET 


being used for 
This figure shows, for example, 
that, for single engine pro- 


peller aircraft coming 
25,000 ft, the signal consist- 
ently good within 45-mile 
range. 

Figures and show the 
actual coverage the AASR 
with 16-ft antenna. The 40-ft 
antenna has gain 
superiority over the 16-ft an- 


RANGE-NAUTICAL MILES 
(ANTENNA AT SEA LEVEL) 


large antenna, other things being 


will decrease the range somewhat some elevation 
angles, while improving others. judicious orien- 
tation the beam, the relative effect the destructive 
interference will worse than that shown 
Figure 


CALCULATED PERFORMANCE CHARACTERISTICS 

The coverage determined above, extrapolated from 
experimental results, agreement with theory. The 
range against small fighter, taken 1.5 square-meter 
average cross-section, calculated for 50% probability 
detection using the following parameters: 


600 (peak power) 

usec (pulse length) 

400 

(3000 (nominal one-way antenna gain) 


(8X) (receiver noise figure) 

With 6-rpm antenna scan rate, the 1.4 degree beam 
dwells the target for 1.4/360 0.039 seconds 


bMinimum specified gain for 2305A antenna db. 


SIGNAL STRENGTH 
SIGNAL 
SIGNAL 
SIGNAL 
SIGNAL 


PERFORMANCE OF A.A.S.R. WITH I6-FOOT CSC? ANTENNA 90 


TYPE AIRCRAFT - SMALL SINGLE PROP, 


LOCATION- RAYTHEON MFG. CO, HANSCOM A.F 8. BEOFORD, MASS. 


ROTATION-12RPM. 


Figure 


Sample actual coverage AASR with antenna 


RELATIVE PERFORMANCE OF THE A.A.S.R. EQUIPMENT AGAINST A 4- ENGINE 


AIRCRAFT WITH A 16-FOOT ANTENNA AND WITH THE 40-FOOT RAYTHEON 


UNIT 23054 ANTENNA 


equal, the range will almost 
doubled over that shown the 
figures. The improved perform- 


ance due the use the 40-ft 
antenna was calculated and 
shown Figure This per- 


formance extrapolated from 
the known high-probability de- 
tection range miles against 
four-engine aircraft with the 
16-ft antenna. The actual pattern 
the large antenna was used. 
Lobing was neglected. Lobing 


ALTITUDE IN THOUSAND FEET 


csc? 


100 RANGE IN NAUTICAL MILES 150 ae 


EARTHS 


ANTENNA(G:26.06D, ROTATIONAL SPEED @RPM) —— -——-—— 


PER MEASURED RADIATION PATTERNS 
7 


Figure 
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each scan. Thus, the number pulses integrated 
one scan 0.039 400 15. For probability 
detection 0.5, and neglecting other effects, the signal- 
to-noise ratio must +3.8 db. 


The following must allowed: loss 1.6 
for beam shape, “collapsing” loss db, loss due 
the non-optimum receiver bandwidth 0.6 db, 
loss due fluctuation echo amplitude db, and 
“operator factor” db. These losses total 3.8 1.6 
the signal-to-noise ratio required for the specified prob- 
ability detection and denoted below. 


From the “range 


PG? 


4.3 


615 


1.63 meters 


nautical miles 


The value 1.5 square meters used the above 
calculation considered representative for small jet 
fighters. Since allowance made for losses that. are 
often neglected the range calculation, the 50% prob- 
ability detection range miles realistic. Solid 
display will not occur, however, until the probability 
approaches unity. example, for 85% prob- 
ability detection, increase 5.2 signal 
strength over that required for 50% probability detection 
required. This increase will take place range 
74% miles. For such small target, almost 
solid display miles excellent performance. 

should noted that one uses the simple but 
inexact criterion for detection, that the signal-to-noise 
ratio unity, and take cross-section 0.3 square 
meters (the definition F-86 given the Department 
Transport specification) the range calculates 
follows: 


13.4 
1.91 105 meters 
103 nautical miles 
Note the effect the parameters “S” and “o” the 
above equation. virtue the factor “S”, the resultant 
range the first the above computations sub- 
stantially less ghan that the second, even though the 


radar cross-section the first case five times that 
the second. view this, obvious that the 
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TRANSMITTED 


RETURN 
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PHASE DISPLACEMENT 


Figure 
Phase relationship transmitted signals echo signals 


degree significance dependent largely the 
radar equation used. also evident, therefore, that 
comparison the performance capabilities different 
radar systems meaningful only when the same radar 
equation applied the compared system. 


MOVING TARGET INDICATION 

all radar systems, the received signal voltage 
bears definite phase relationship the voltage 
the corresponding transmitted signal. The phase relation- 
ship dependent the distance between the radar 
antenna and the target (Figure 10). 


general, fixed objects produce echoes which have 
fixed phase relationship from one receiving period 
the next, whereas moving objects produce echoes which 
have different phase relationship from one receiving 
period the next. this principle that the MTI 
circuits are arranged discriminate between fixed and 
moving targets. 

The ability the MTI detect moving targets 
differentiate between fixed and moving targets 
dependent several factors. the moving target 
the area free from clutter (fixed targets), the main 
limiting factor the optimum relative speed the 
target with respect the radar antenna, i.e., the radial 
velocity the target. 


Figure shows the relationship the amplitude 
MTI video signals developed (before video limiting) 
versus the speed the target. Blind spots (no signals) 
appear relative speeds 89.4 knots 
multiples thereof. should also noted that maximum 
MTI signals are developed speeds 44.7 knots re- 
moved from the blind speeds. The values given are 
approximate for transmitted wavelength (L- 
Band) and pulse recurrence frequency 400 pulses 
per second. 


The first blind speed, velocity which the re- 


RAY 
RADAR 
TARGET 
a 
. 
q 


WAVELENGTH, CMS 
PULSE RATE P.P.S. 


240 540 
RELATIVE TARGET SPEED (KNOTS) 


wT 
SIGNAL 
AMPLITUDE 


NOTE: 

SPEED IS RATE AT WHICH TARGET IS 
CHANGING IN RANGE RELATIVE TO 
RADAR. 


Figure 
MTI Signal amplitude relative target speed 


MTI video signal zero, for other values 
wavelength and pulse repetition rate can determined 
from the formula: 


102.9 
where blind speed target, knots 
wavelength transmitted, centimeters 
pulse recurrence frequency, pps 


interest note that the above formula points 
out the obvious superiority L-Band over S-Band for 
MTI applications. S-Band more than twice many 
blind speeds will occur. 


CIRCULAR POLARIZATION 

Radar susceptible interference rain and other 
forms precipitation, detecting and displaying them 
does aircraft. This precipitation return can mask 
clutter the radar scope, preventing the detection air- 
craft. The need detect aircraft despite this clutter 
obvious. Increase air-traffic density because bad 
weather stacking and holding makes even more im- 
perative have good aircraft detection. Operation 
Circular Polarization based the synthesis circu- 
larly polarized wave two waves, one electrical 
degrees behind the other, linearly polarized right angles 
each other, and propagated the same direction 
(Figure 12). 

Effective discrimination circular polarization 
against rain return, compared discrimination against 
aircraft return, due the spherical symmetry 
raindrops. circularly polarized wave incident upon 
spherical raindrop reflected circularly polarized 
wave. the raindrop nearly spherical, the reflected 
wave nearly circularly polarized. 
circularly wave becomes left-handed when 
reflected from symmetrical reflector, just the re- 


RAINDROP 


QUARTER- WAVE 


ANTENNA 


Figure 
Circular polarization for reduction precipitation clutter 


flected mirror image right-handed machine screw 
appears left-handed. antenna which originates 
outgoing right-handed circularly polarized wave can- 
not respond the incoming left-handed wave from the 
raindrop; cancellation complete the raindrop 
spherical and less than complete the raindrop not 
spherical. 


Since aircraft not symmetrical reflector, 
scrambles the polarization the wave reflects. This 
scrambled polarization contains some the same polar- 
ization the incident wave. the 
originated the incident wave can respond this com- 
ponent, although there some loss, the aircraft will 
“seen” the radar with considerable advantage over 
the precipitation return. 

suitable figure merit for circularly polarized 
radar antennas Integrated Cancellation Ratio. This 
defined the ratio received signal energy obtained 
with circular polarization received signal energy with 
linear polarization, with the antenna both instances 
completely surrounded infinite number 
domly distributed small spheres. With care, Integrated 
Cancellation Ratios can obtained with large 
reflector type antennas. 


order take advantage the above principle, 
the AASR provides circular polarization for adverse 
weather operation and linear polarization for normal 
operation. Selection either polarization made re- 
motely the ATC Radar operator means 
switch which actuates changeover mechanism the 
antenna. 


VIDEO MAPPING GENERATOR 

Having designed into the AASR remove the 
unwanted return from fixed ground objects, special 
means must provided display few identifying 
landmarks the radar scope assist the radar operator 
his duties air traffic control. this, further 
refinement for the AASR the incorporation video 
mapping generator for superimposing special map and 
terrain features the plan position indicators the 
operators’ consoles. simplified sketch showing the 
method which this achieved shown Figure 13. 


MIRROR 


PHOTO MULTIPLIER 
TUBE 


VIDEO SIGNAL 
TO INDICATOR 
CONSOLE 


SCANNING LINE 


CATHODE RAY TUBE 


Figure 
Simplified sketch map scanning system 
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Figure 
AASR installation pictorial 
The map rotated and its azimuth synchronized 
the antenna rotation. Sweep speed adjusted cor- 
respond the scale the map use. obtain 
maximum definition for the size cathode ray tube 
used, the sweep started one edge the tube face 
and across the entire diameter the tube. The 
sweep stationary with the map being rotated around 
the start the sweep its center. The map, which 
opaque with transparent lines, allows light 
through when the sweep point corresponding 


line the map. The mirror/lens combination 


used merely make compact assembly. 


the preceding pages some the factors affecting 
radar performance have been discussed. what follows, 
details the equipment are described which ensure that 
the specified performance will achieved. the same 
time, emphasis placed the means hich the im- 
portant qualities reliability, ease maintenance and 
long life with continuous operation are designed into 
the system. 


GENERAL 


The Airport and Airways Surveillance Radar equip- 
ment dual channel radar system (Figure 14). The 
transmitter and receiver portions the equipment are 
located adjacent the antenna small building 
especially designed for the purpose. Basic design the 
system requires that remote control the units within 
this building possible the operator’s station 
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two miles away. Thus, the antenna can erected 
optimum location for long-range surveillance and 
still have the operator’s console located the control 
tower. Accordingly, within the airport control tower, 

Master Console Indicator provided with sufficient 
remote control facilities operate either the transmit/ 
receive channels. Operation will normally function with 
one transmitter feeding the antenna while the other re- 
mains warmed-up standby condition ready for 
instant operation failure occurs the radiating 
channel. the mere actuation switch, the remote 
operator can change from one channel the other. Re- 
mote controls include tuning and gain controls, selection 
circular/linear polarization, antenna stop-start, antenna 
control and many other system 
functions. 


PRODUCT DESIGN 


The structural strength and rigidity the cabinets 
and consoles described below and illustrated Figures 
through are such that normal handling loading, 
shipping, unloading and setting into position for in- 
stallation will not result any permanent set de- 
formation impair the appearance the cabinets 
interfere with the ease maintenance, removal units 
and components, ventilation and operation access 
doors. The structural strength and rigidity, the units 
independent any strength and rigidity furnished 
access doors. The design all units provides ready 
accessibility for maintenance and repair. not neces- 
sary remove any chassis assemblies from their 
cabinets for maintenance repair components. 
any chassis assembly removed any time, 
can done easily and without requiring the removal 
any other chassis assembly. 

Product design arranged provide accessibility for 
the maintenance technician units the order which 
maintenance functions would performed. For example, 
meters and circuit breakers which bear evidence status 
system performance 
can viewed through 
windows the access 
doors. 
the doors, test 
points are immediately 
accessible. Then, re- 
leasing hold-down 
the chassis are able 
swing forward and out 
for servicing when re- 
quired. not neces- 
sary use special patch 
cords and test boxes for 
making electrical mea- 
surements. Cabinets are 
fitted with doors 
front and rear for 
maximum accessibility. 


Sufficient forced 
ventilation provided 
and the density pack- 
aging such that the 
rise above ambient 


Figure 


oe 
>_> 
& 


b 


Figure 


throughout the equipment 10°C. Each cabinet has four 
blowers and air filtered before entering the cabinets. 


Figure shows AASR cabinet with all doors 
closed. Figure shows the Indicator/Comparator 
cabinet with front doors open. The Signal Canceller and 
receiver chassis the left with unit the per- 
formance monitor the right. Figure these two 
chassis have been swung out make accessible the quartz 
delay line and portions the performance monitor. 
Figure the same cabinet shown with the rear 
doors open exposing the power supply tubes. 


Figure the doors the transmitter cabinet are 
open exposing the plumbing the right and the 
performance monitor meters, monitor scope, magnetron 
compartment and local oscillator the left. The next 
two Figures (Figures and 21) show the same cabinet 
with magnetron compartment open. Figure the 


Figure 


Figure 


performance monitor chassis swung outward expose 
the wiring. 

Figure photograph the transmitter cabinet 
with the rear doors open and with compartment covers 
removed show the easy accessibility all components 
and tubes. 

Figure the 3-phase line voltage regulator 
shown with its door open. This regulator provides volt- 
age regulated 115 plus minus 0.5 volts regardless 
line voltage variations from 100 130 volts, thus 
ensuring proper operation the system under any con- 
ditions primary power. 

model the Master Console Indicator used our 
design engineers arriving unit satisfactory our 
customer and ourselves. The PPI tube located 
centrally with the picture controls conveniently grouped 
around the outside. 
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Figure 


Figure 


Figure 


the left hand the operator are video mixing 
controls which permit adjustments signal levels such 
video map, beacon signals, MTI video, normal video 
and electronic cursor. Above these controls blank 
panel which, the final models, will contain the radio- 
telephone controls used the operator communicate 
directly with the aircraft. 

the right hand, beneath glassed-in door, are 
system remote controls and pilot lamps. The joystick, 
the right the desk shelf permits the operator locate 
navigation cursor the face the PPI for rendering 
assistance pilots aloft when necessary. 

The product design the console reflects the same 
design philosophy the equipment described previously. 
All components can serviced quickly and easily 
opening doors which expose tubes and test points and, 
necessary, pulling forward the chassis which swing out 
for easy 


Performance Monitor 


Earlier, the discussions the AASR, some em- 
phasis was placed the importance the parameters 
the radar equation and the desirability preventing 
the performance the system degraded age 
and temperature. While much can done control 
both these degrading influences proper design, 
still important ensure that those portions the 
equipment which have bearing the system para- 
meters maintained peak operating level all times 
that maximum performance the system will prevail. 


For this reason, integral test equipment has been in- 
cluded the AASR monitoring 
its performance without disturbing normal radar 
operation. The two important parameters, noise figure 
(F) and transmitter power (P), are 
dicated. addition, measurement VSWR and crystal 
quality can made readily. The noise-figure and trans- 
mitter-power indicators are capable alerting the 
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remote operator visual means when the radar 
operating outside preset limits. 
SITING AASR STATIONS 


The selection suitable AASR sites adjacent air- 
ports has not been without its difficulties. Figure 


simplified sketch showing the geometry typical 


airport. The heavy lines represent runways about 
8,000 length. The circle has radius two miles 
and centered the airport control tower. The two- 
mile figure the maximum distance which the equipment 
specification requires between the transmitter and the 
control tower. The lighter lines running parallel the 
runways distance one and one-half miles (the 
required radar minimum range) represent boundaries 
inside which the radar antenna may not located 
without resulting blind spots points along the 
runways runway extensions. The shaded portion, 
then, represents the only area inside which the 
antenna may located without chance blind spots 
and without exceeding the two-mile cable requirement. 


CONTROL 
£ TOWER 


Figure 
Typical geometry airport and vicinity. Shaded area shows 
the only location suitable for radar antenna compatible with 
minimum range miles and maximum control cable 
length miles. 


OUTER MARKER 
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Figure 


Map Canada showing radar locations and coverage 


Obviously, desirable that the radar “see” aircraft 
not always feasible place the antenna within the shaded 
area, e.g., when this happens coincide with valley 
deep enough require antenna tower impractical 
height. 


When becomes impossible select suitable site 
within the limited space shown, there are two solutions 
choose from. These are: (a) move the antenna 
more distant location and use long-range data trans- 
mission system such microwave link carrier coaxial 
cable, (b) locate the AASR close the airport 


any convenient spot and employ second radar low 
transmitter power suitable for close-in viewing ranges 
few hundred yards. The selection alternatives 
one economics and conditions. the Lakehead (Port 
Arthur, Ontario), for example, will necessary 
locate the AASR antenna some eight miles from the 
airport order permit viewing towards Winnipeg 
across the high terrain lying the west the airport. 


Problems this sort remain solved the field. 
For this reason, the AASR has been designed with 
flexibility that data collected the transmitter/re- 
ceiver can distributed control points many ways. 
With this and the basic concepts reli- 
ability, ease maintenance and long life with continuous 
operation incorporated the equipment, Canada will 
possess, upon completion fifteen installations coast 
coast (Figure 26), enviable example the world 
her air traffic control service. 
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RCAF TEST AND 


Royal Canadian Air Force 


INTRODUCTION 


was asked deliver paper this meeting, 
one three papers delivered test pilots, 
immediately considered that technical paper some 
aspect test flying was order. However, this was 
the first occasion that Canadian test pilots would 
have opportunity speak these Institutes, mem- 
bers the newly-formed Test Pilots Section the 
thought that general paper RCAF Test 
and Development, its history, role, organization, test 
flying activities relationship with the Canadian 
aircraft industry, would more appropriate. 


HISTORICAL REVIEW 


The first flying experiments carried out Canadian 
military aviation were aerial photography tests from 
balloon 1883. was 1907, however, before the Aerial 
Experiment Association was formed Canada Dr. 
Alexander Bell and two Canadians, Casey Baldwin and 
Curdy. Canadian research, design and testing aircraft 
really began with the forming this association, but 
was several years before the Canadian Air Force was 
established and became involved the intriguing business 
aeronautical test and development. 


The RCAF unit responsible for test and development 
work the Central Experimental and Proving 
ment. The history this unit begins with the conception 
the Canadian Air Force 1920. that time, the 
foundation what now CEPE was laid under the 
control the Director Technical Services for the 
Air Board, but was 1931 before the unit was estab- 
lished permanent part the RCAF. Through the 
years this unit has been known various names, in- 
cluding Test and Development more commonly 
“Tiddle and Diddle”. This name was changed, probably 
for obvious reasons, Experimental and Proving and 
finally Central Experimental and Proving, the name 
which known today. 


The growth CEPE, from the time was estab- 
lished RCAF unit 1931 until after the Second 


read the International Meeting Toronto 
the 26th November, 1956. 

*Formerly Chief Test Pilot, Central Experimental and Proving 
Establishment. 
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World War, was for the most part static. Although test 
and development work was carried through this 
period and records the unit’s achievements show that 
was active, the unit did not really come into its own 
until after the war. Synonymous with the expansion 
the RCAF and the growth the Canadian aircraft 
industry, the necessity for unit such CEPE was more 
fully recognized and its activities 
were expanded accordingly. 


THE ROLE CEPE THE RCAF 


appreciate the role the following are 
the general responsibilities this unit given broad 
terms: 


(a) evaluate and carry out performance and handling 
trials aircraft designated for RCAF use. 

(b) evaluate, prove and, applicable, design modi- 
fications aircraft associated aircraft equipment 

(c) carry out acceptance flight tests all RCAF 
aircraft after civilian manufacture overhaul. 

(d) set and maintain the standards flight test 
methods and procedures for the RCAF. 


assess developments interest the RCAF. 


(f) provide experimental and research flying services 
for other governmental agencies. 


THE ORGANIZATION CEPE 


CEPE under the functional and administrative con- 
trol Air Materiel Command, whose headquarters 
Ottawa, Ontario. The unit headquarters CEPE 
and its main testing centre Rockcliffe, Ontario. 
not possible concentrate all the activities 
CEPE one geographic location, the unit maintains 
detachments which carry out specific test functions 
various parts Canada. The main detachments are: 


(a) CEPE Climatic Detachment located near Edmonton, 
Alberta. 


(b) CEPE Air Detachment 
located Cold Lake, Alberta. 


(c) CEPE detachments the National Aeronautical 
and Defence Research Board estab- 
lishments. 


(d) CEPE detachments Aircraft Manufacturers. 


| ~ 


PERSONNEL 


Any aeronautical organization, civilian service, 
which charged with the responsibility carrying 
out flight test and development work, must, 
accomplish its aim, employ only the best trained and 
experienced personnel. This applies design, flight test 
engineers and test pilots alike. 

Assuming for the moment that the design engineers 
have carried out their job perfection, let consider 
the work the flight test engineer and test pilot, who 
must prove the design. Every minute flight testing 
aircraft, especially from the time the aircraft first 
flies until ready for operational squadron service, 
extremely valuable. these days complex aircraft, 
obtain and analyze flight test results quickly and 
accurately requires the abilities specialists the flight 
testing field the test pilots and flight test engineers 
are these specialists. The RCAF fortunate that 
can generally select suitably qualified personnel, who 
have had considerable field experience, and train them 
for flight testing work. The personnel employed 
CEPE are, the main, highly qualified their respective 
specialties whether engineering flying. 


TRAINING TEST PILOTS 


The evolution flight testing began over fifty years 
ago with the Wright Brothers, who designed, built and 
tested their own aircraft. The “do-it-yourself” attitude 
the pioneers flight soon gave way the designing 
and manufacturing engineers and the flight testing 
someone else. This could imply, course, that the 
designers had little faith their product and “fall 
the test pilot, was hired take the risk proving 
the machines would fly. expect that, even the early 
days flying, the need for skilled pilot test aircraft 
was recognized. 

the period between the first and second world 
wars, test flying the service was done any good 
pilot who happened available. The second world 
war soon proved that this system was longer satis- 
factory because valuable testing time was being wasted 
while new pilots learned the fundamentals flight 
testing. became obvious that test flying was becoming 
specialty and that service who were 
employed flight testing duties, required formal 
training this field. This problem was recognized 
both the United States and England and test pilot 
schools were established these countries. 


The RCAF has fortunately been able utilize these 
schools train its test pilots. This method training 
RCAF test pilots not only ensures that these pilots 
obtain sound knowledge the basic principles and 
fundamentals test flying, but also enables each pilot 
trained become familiar with the latest developments 
either the United States England, the case may 
be. would point out that pilot graduating from 
test pilot school does not know everything about test 
flying and probably never will and, depending upon his 
past experience, requires period practical ex- 
perience after his training before can assume the 
responsibilities for test flying project. However, from 
own experiences and associations, consider that 


the RCAF test pilots CEPE are well informed and 
capable any the business. 


RCAF pilots, who wish employed testing 
work, apply voluntarily for test pilot’s course. Because 
the qualifications required, even the keenest candidates 
are between and years age before they are 
eligible apply. This generally ensures that the candi- 
date dependable and mature individual, who, with 
the other necessary qualifications, should make good 
test pilot. The test pilot’s course supplies the final answer. 


Although RCAF trained test pilots are highly quali- 
fied and capable, not think will ever have one 
who would have the qualifications advertised for 
American company, which were: possess aero- 
nautical engineering degree, have four thousand hours 
flying experience, graduate test pilot’s school 
and not more than twenty four years age. What 
test organization couldn’t use few pilots with these 
qualifications? 


estimation, the Canadian aircraft industry, 
which has many good pilots but few trained test pilots, 
will have problem the near future, obtaining 
pilots with the desired qualifications. The Test Pilots 
Section the recognizes this problem and there 
little doubt that both the industry and the RCAF will 
affected eventually some means supplying in- 
dustry with qualified test pilots the future not found. 


THE JOB THE RCAF TEST PILOT 


Test flying serious and painstaking business. Some- 
times there element calculated risk, but any risk 
kept minimum exhaustive ground tests. Test 
pilots, however, must temperamentally suited for this 
work. Any good fighter, bomber, transport other type 
pilot, even specially trained, will not necessarily 
make good test pilot unless temperamentally suited 
for the job. The Hollywood version the white scarf 
over the shoulder type test pilot, calmly carrying out 
hair-raising vertical dives with twelve “g” pullouts, be- 
fore breakfast, does not exist the RCAF any other 
test organization that know of. 


most flight test projects carried out CEPE, 
test pilot and flight test engineer unite form test 
team. CEPE’s experience has shown that pairing 
engineer and test pilot ensures that the best test results 
are obtained. This system demands that each member 
the test team has least basic understanding the 
other’s problems and brings engineers and pilots together 
working level. the past, this intimate link did not 
exist and the engineers and flyers observed each others 
work with some skepticism. 


The primary job the test pilot search for and 
produce accurate facts facts which the engineers can 
use determine performance substantiate theory and 
facts which can used air staffs determine suit- 
ability and future requirements. There are occasions 
when not possible collect data and produce facts. 
then the test pilot’s second job supply qualitative 
opinion not personal opinion, but educated, intelligent 
opinion which can presented and substantiated. 

There third function that RCAF test pilots must 
able perform and that the function lawyer, 
that can interpret test specifications. think that 
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RCAF test pilots are required use their “legal ability” 
more than any other service because the RCAF not only 
uses British and American aircraft, built under licence 
this country, but also Canadian designed and built 
aircraft. Each these aircraft tested different 
specification, which disturbing enough, but when 
take British Canadian engine and install 
American airframe, build British aeroplane British 
specifications and then test American specifications, 
the lawyer test pilot really needed. assumed 
many the aeronautical field, both civilian and service, 
that these specifications are basically the same, but they 
vary considerably specific tests and these differences 
our test pilots must aware of. think there real 
need for standard flight test specification applicable 
all types military aircraft. may that the 
manuals the Advisory Group for Aeronautical Re- 
search and Development are step this direction. 


TEST FLYING ACTIVITIES 


The RCAF, like any other air force, dependent 
upon the capabilities its aircraft carry out their 
assigned role. CEPE one the Air Force’s instruments 
which ensures that its aircraft not only meet design 
specifications, but also provides information the com- 
plete capabilities aircraft and associated equipment. 

ensure that new aircraft meets the required 
specifications and airworthy, the RCAF has adopted 
similar evaluation and test program the one used 
the USAF. This program broken down into phases, 
with the aircraft manufacturers being responsible for 
some phases and the RCAF, through CEPE 
Climatic and Air Armament Evaluation Detachments, 
responsible for others. yet, the RCAF has had little 
experience with this new system, but hoped that 
past mistakes made during the development period 
new aircraft will not repeated during the development 
testing the CF-105 and CL-28. 

addition this function, there are many other 
test and development projects carried out CEPE 
aircraft and aircraft equipment. These range from 
the photographic and navigational equipment 
the evaluation automatic parachute devices and 
even rain repellants. There are also many special 
vestigations into air matters supply the technical 
air staffs with information pertinent future require- 
ments. 

ensure that all aircraft produced for the RCAF 
continue meet the prescribed specifications, acceptance 
flight tests each and every aircraft are carried out 
CEPE the manufacturers, before the aircraft 
delivered the user unit. This aircraft acceptance 
testing the service old industry itself and 
one time was done any pilot who was available. 
However, aircraft became more complicated, was 
evident that there was lack consistency among 
pilots doing acceptance testing and was obvious that 
would nécessary train aircrews specifically for 
acceptance test duties and employ them solely this 
work. the beginning, this sudden change was not 
exactly met the manufacturer with open arms. Being 
good business men, their primary purpose was deliver 
satisfactory aircraft piece equipment the RCAF 
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certain date. However, soon became evident that 

“satisfactory” manufacturer and the acceptance 
test crew had two different meanings. Both the manu- 
facturer and service test ctew had great deal learn 
and many hurried telephone calls emanated from the 
offices production chiefs the various firms Air 
Materiel Command Air Force Headquarters asking 
what authority some Flying Officer Prune had reject 
his beautiful product. Fortunately, most this trouble 
lived and, although there some 
difficulties this business, generally the interpretation 
specifications and whether not item meets the 
specification, there doubt that the RCAF re- 
ceiving infinitely better product. The aim ac- 
ceptance flight testing ensure that aircraft will meet 
their prescribed specifications and thus able carry 
out their operational role; therefore, acceptance standards 
must high. 


essential that military aircraft able operate 
extreme climatic conditions and Canada has these 
extremes. The testing aircraft determine their suit- 
ability operate under these extremes, and especially 
winter conditions, the job CEPE’s Climatic 
Detachment. This detachment conducts experiments and 
tests under Canadian climatic conditions and assists 
the design and development modifications required 
result these tests. These tests encompass the whole 
aircraft and its systems determine there are any 
limitations its operational ability due climatic con- 
ditions. 


operational military aircraft, matter how well 
can fly and operate under all climatic conditions, 
little use the RCAF unless effective 
weapon. CEPE’s Air Armament Evaluation Detachment 
provides the facilities which ensure that RCAF armament 
equipment and systems meet specifications and are cap- 
able fulfilling military requirements. 


addition these activities, CEPE provides research 
flying services for the National Aeronautical Establish- 
ment and various Defence Research Board Establishments. 

Throughout its testing activities, CEPE continually 
searching for factors which are detrimental flight 
safety and airworthiness. Flight safety important 
matter the RCAF. The cost aircraft accidents runs 
into the millions dollars each year. Many these ac- 
cidents are caused pilot error, material failure 
maintenance errors. There have been many accidents, 
however, where the basic cause was design. The com- 
plexity the design new aircraft and the aircraft’s 
major components and systems appreciated and 
not suggested that the engineers not attempt 
remove all possible factors which could contribute 
accident. Neither suggested that there should 
safety device for safety device emergency 
system for emergency system. The penalty that 
being paid for the necessary flight safety features, 
especially high performance aircraft, already severe. 
There is, however, one factor that repeatedly over- 
looked. This was summed the RCAF Director 
Flight Safety when said, “It paramount the 
interest flight safety that once errors have been re- 
vealed and fix established they should never per- 
mitted reappear again later design any type 
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aircraft.” Unfortunately many these design faults 


reappearing. Test pilots must accept new designs 


aircraft and types systems for this mark 
progress, but the reappearance poor design features, 
especially cockpit controls, not progress. Fuel selec- 
tion controls which can confusing operation still 
reappear, feathering switches positioned beside 
fire extinguishing switches oil shut off switches, all 
the same design and colour. Warning positioned 
behind the pilot’s forward view, especially jet aircraft, 
are common and the positioning circuit breakers 
the cockpit, that when the pilot strapped 
cannot possibly reach them, seems have been de- 
signer’s delight. this day artificial control systems, 
hoped that the emergency systems operating from 
the main hydraulic electrical system past history. 
The nose wheel steering device, which ceases ork 
momentarily when the flaps are pulled after landing, 
should also memory. Testing new aircraft piece 
equipment with previously proven faults incorporated 
does not indicate improvement and our operational air- 
craft must improved continually. 


all these test activities, which are technical 
nature, the test pilot not only provides the important and 
vital link with the engineering and research people, but 
also provides the necessary link with the operators. 
this day ever-changing requirements and rapid de- 
velopment military aircraft, the role the test pilot 
has never been more important and can longer 
regarded the technical minded just “drivers, 
airframe”. CEPE the test pilot and flight test engineer 
are partners this business test and 
testing learn”. 


CEPE AND THE CANADIAN AIRCRAFT INDUSTRY 


apparent from the foregoing that CEPE, the 
test and development representatives the RCAF, 
maintains close relationship with the experimental and 
test flying departments the various aircraft manu- 
facturers who design and produce aircraft for the service. 


This relationship has not always been congenial and, 
even now, there are areas this common field where 
there are many disagreements over such things speci- 
fications, test procedures and end results tests. These 
disagreements are acceptable when constructive criticism 
and discussion, supported facts, result progress. 
They are not acceptable hen they result extensive 
delays RCAF programs. The RCAF, the buying 
customer, has the automatic right criticize the product 
they receive. have heard senior members the various 
companies’ development staffs complain that CEPE 
would never satisfied with anything. This generaliza- 
tion right, for completely satisfied would end 
progress and CEPE must criticize, within reason, 
behalf the RCAF testing matters. 


CEPE and the flight test organizations industry 
have many problems common. The numerous test 
specifications and procedures, referred earlier, are 
one. The testing aircraft out aerodromes, situated 
within heavy commercial traffic and near built-up areas, 
another. Test pilots are being plagued with new air 
regulations which are making increasingly difficult 
carry out some test flights. This, coupled with our 
changing weather conditions, causes frustrating delays 
completing programs. 

The exchange information between Canadian test 
pilots, service and civilian, matters which concern 
this profession only, has been long overdue. There are 
less than one hundred pilots Canada employed the 
testing field and this includes research, development 
and production flying. until last spring, many these 
test pilots did not know one another even the type 
aircraft work their respective companies were engaged 
in. think absolutely necessary that, within the 
bounds security, the service and civilian test pilots 
Canada should able exchange information and have 
means contributing jointly the solving common 
problems. The Test Pilots Section the should 
achieve this purpose. 
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THE NUMERICAL DETERMINATION 
TRANSIENT TEMPERATURES WINGSt 


Kosko* 


Avro Aircraft Limited 


SUMMARY 


The laws one-dimensional transient heat conduction are 
reviewed, beginning their exact differential formulation. Con- 
vective heat transfer along the path the main heat flow 
also considered. alternative the laborious analytical 
method, formulation terms differences presented. 
This yields numerical solutions which can easily calculated 
any desired accuracy. The practical application the method 
demonstrated series examples, such may en- 
countered the investigations heating high-speed aircraft 
wings. 


INTRODUCTION 


temperatures due aerodynamic heating 

cooling supersonic aircraft must known with 
fair degree accuracy order evaluate their 
effects the airworthiness the structure. The two 
quantities which govern the inner temperature history 
and distribution are the boundary layer temperature and 
the heat transfer coefficient. Both depend large 
variety factors and their determination, either 
theory experiment, not simple matter. this 
paper, the point view the structural analyst 
adopted and these two quantities are assumed given 
functions time and position the surface the 
aircraft. 


Within the boundary conditions thus specified, the 
calculation the temperature distribution solid 
body amounts, the general case, solving partial 
differential equation with the space coordinates and time 
independent variables. aircraft structures the 
thin-wall type, one space coordinate usually sufficient 
describe the position point cross section; 
this coordinate may taken distance along the 
skin middle line along web. has been demonstrated 
that spanwise variations temperature. are relatively 
unimportant and are not likely produce any ap- 
preciable thermal shall therefore restrict 
our considerations one-dimensional heat flow. 


all but the simplest cases, the analytical solution 
very laborious practical all. Fortunately, approximate 
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solutions based approach are re- 
latively easy obtain. outline the method 
given this paper, together with applications some 
examples for which alternative analytical solutions were 
also available. 


Before presenting the finite-difference method, 
short survey the classical formulation terms 
partial differential equation given. The establishment 
heat balance shown the common feature 
both methods. this purely physical basis should 
not difficult derive formulae applicable any 
new cases. Particular attention given conditions 
which involve convective heat transfer. 


appears that the accuracy the finite-difference 
method much better than the accuracy the data; 
particular, that the heat transfer coefficients. Many 
the computations not even require desk calcu- 
lator, slide-rule accuracy being sufficient for the purpose. 
the other hand, when more elaborate results are 
desired and digital computer available, the simple 
formulae the text lend themselves easy pro- 
gramming. 

The finite-difference method has for some time been 
standard tool industrial heat flow 
For some reason, however, the literature concerned 
with the aerodynamic heating wings, the analytical 
many engineers not specialized this type work 
feel unable determine, even roughly, temperature 
distributions structural members. The present paper 
aims correcting this situation. 


SYMBOLS 


thickness, 

length, 

cross-sectional area, 
volume, 

time, sec 
temperature, 
quantity heat, Bru 


heat flow per unit area and hour, 

density solid, 

heat capacity body, 
specific heat solid, °F) 
thermal conductivity solid, 
Btu/(hr °F) 

coefficient surface heat transfer, 
Btu/(hr ft? °F) 

thermal diffusivity, ft?/hr 
convective time constant, sec” 
for thin body 

modulus finite-difference procedure 
for conduction (inverse Dusinberre’s 

modulus for convection (Dusinberre’s 


h/pcd 


1 


Subscripts 

First subscript refers the space coordinate, second 
subscript refers time, e.g. represents temperature 
The time subscript sometimes dropped. 


ambient 
body 


DIFFERENTIAL FORMULATION 
ONE-DIMENSIONAL UNSTEADY HEAT FLOW 

The mathematical treatment transient heat con- 
duction problems solid bodies based three 
physical laws which may stated 

The law heat storage expressed the relation 


(1) 


where the thermal capacity region whose 
temperature increased due the net heat 
gain AQ. The specific heat given 


(2) 
where the weight the portion considered. 


When referred unit length time, this same 
law shows the rate temperature rise being pro- 
portional the rate heat input. 

The law heat conduction due Fourier usually 
written 

(3) 


and states that the rate heat transfer conduction 
per cross-sectional area proportional the 
negative temperature gradient. The thermal conductivity 
property the material and usually taken 
constant. 
The two laws just stated can combined ‘into the 
Fourier-Poisson equation 
Ox? 
which k/(cp) tne thermal diffusivity the 
material. 
Newton’s law heat transfer through surface 
states that the amount heat transferred from 
ambient fluid solid body proportional the negative 


drop temperature, the area the wetted surface, 
and time. With denoting the ambient temperature, 
and the body surface temperature, the relation may 
written 


or, terms time rate heat flow per unit area, 


contrast the constant the surface film 
coefficient complicated function fluid velocity, 
the condition the boundary layer etc. The large 
variations which are possible the magnitude not 
seem warrant too much accuracy calculations 
conductive heat flow when convection also present. 


The rate heat flow represented Eq. (6) may 
equated the rate conducted into the body, given 
Eq. (4); the boundary condition for convective heat 
transfer thus obtained, 


(7) 


The same relations, Eqs. (6) and (7), may also 
applied heat transfer through contact surface be- 
tween two solid bodies, when appropriate value 
used. 


Some special cases heat transfer 
the main direction conductive heat transfer 
along thin body (rod web), which its lateral 
surface contact with ambient fluid, there will 
secondary transfer between the body the local 
temperature and the fluid Assuming the 
temperature uniform over cross section 
the body, the rate this secondary flow for length 
element 


where denotes the wetted perimeter the cross section 
being contact with the fluid. 


(a) When there conduction along the body, 
due its temperature being uniform (e.g. when thin 
body completely immersed the fluid), all the heat 
gained from the fluid stored the body, 


Equating this expression with the preceding one, 
obtain 
dT/dt (9) 


where time constant having the 
dimension the ambient temperature remains 
constant during the process, and the initial 
temperature the body time Eq. (9) yields 
the integral 


For variable ambient temperature, step-by-step 
solution Eq. (9) always possible. 


(b) the case temperature gradients the 
direction, the heat balance for element obtained 
combining (5) and (9), 
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FINITE-DIFFERENCE FORMULATION 
ONE-DIMENSIONAL UNSTEADY HEAT FLOW 


The finite-difference relations are best derived 
considering the body consisting number small 
but finite regions and establishing conditions heat 
balance between these regions, using average values for 
the temperature and for the thermal properties each 
region. The length the body subdivided into 
equal intervals, each length Ax. Each region repre- 
sented control point, denoted subscript which 


The time variation the temperature also con- 
sidered discrete number time points, beginning 
constant time interval At, are denoted the sub- 
script 

Thus, point distant from the origin, and 
When only one subscript used, refers the space 
coordinate. 


Heat conduction within the body 

heat balance established for region the time 
interval from For unit cross-sectional area 
the heat capacity the region cpAx. the time 
interval At, the amount heat received from region 
1is The amount stored region 
for and respectively, and stands 
for T5341. 


The balance these quantities heat yields re- 
lation 


between the “prior” temperatures point and its 
neighbouring points both sides, and the temperature 
Solving for the unknown have 


where 
kAt 

(13) 


The ratio (this the reciprocal Dusinberre’s 
can chosen within certain narrow limits. must 
positive, but such that the coefficient positive 
also, Otherwise, the finite-difference pro- 
cedure either diverges exhibits instability. Thus, for 
given value the space interval Ax, the time interval 
cannot chosen quite freely; particular, cannot 
exceed the value 


particularly simple relation corresponds the 
value 
This the counterpart Schmidt’s averaging graphical 
procedure. Other values resulting simple averages 
are and has been proved that the error 
the finite-difference calculation minimum for 
leading the equation 
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Eq. (12) and similar ones derived from it, either 
specialization extension particular conditions (as 
done the following sections), used every 
step the numerical work. For convenience they are 
sometimes laid out the form “computational 
molecule” 


The “molecule” shows graphical way the con- 
nection between the various temperatures involved. The 
layout the tabular work follows the same pattern, 
every line the table represents point space, 
and every column represents time point. 


Heat transfer boundary 


Three cases will considered which the pre- 
scribed ambient temperature may either constant 
variable with time. 


(a) Prescribed surface temperature. control point, 
say taken right the surface and its temperature 
directly entered into the table for the successive time 
points. The temperature the neighbouring point, 
can determined from the previous temperatures 
and means Eq. (12) its variants. 
Thus, the scheme the preceding section directly 
applicable this case. 


(b) Adiabatic surface. heat passes through such 
surface, ie. the temperature gradient vanishes there, 
this condition also prevails the centre 
line slab symmetrically heated from both sides. 
other words, the temperature distribution extended 
beyond control point represents the adiabatic 
surface, must have Substituting this 
relation into the general Eq. (12) for point obtain 


(c) Convective heat transfer through surface. Again 
let control point located the surface which 
contact with medium having the ambient tem- 
perature surface transfer coefficient assumed 
given; this may either constant variable with 
time. balance heat established for the region 
comprised between the surface and the next control 
point, The (or rather the temperature dis- 
tribution curve) fictitiously beyond the 
—Ax from point The temperature gradient the 
boundary then represented (T_, T,)/2Ax, and 
the convective condition written 


This combined with Eq. (12) for point 


which permits the elimination the fictitious tem- 
perature T_,, 


The non-dimensional quantity 
hAx/k (18) 


analogous Biot’s convective modulus and identical 
with Dusinberre’s 


When the coefficient large, the factor 
Eq. (18) may become negative unless very small time 
interval chosen. order avoid this alternative, 
which would require laborious computation, another 
formula, suggested Reference may applied, viz. 


To = (T1 + 5 Ta)/(s + 1) (19) 


where all three temperatures are taken the same time 
point. 
Convective heat transfer transversely the 
main flow heat 

The main heat flow assumed take place the 
direction through thin cross section which has 
wetted perimeter secondary convective heat transfer 
effected through the lateral surface between the 
medium the ambient temperature and the body 
the local temperature the transfer coefficient being 
the heat balance equation, this secondary transfer 
After simplification, the finite-difference relation be- 
comes 


the symbols and having their previous meaning. 


limiting case, when the conductivity the body 
large that gradients the main direction can 
neglected (as often the case for thin skin), may 
put 

and find 
Comparing this expression with the exact solution given 
Eq. (10), see that for more accurate results, 
should substitute for Eq. (20) then 
replaced improved formula 


either these, the constants must chosen 


Stepwise change cross section conducting body 

Let the body have width control point 
and different width beyond it. The flow heat 
just before the joint proportional 
and must equal the flow heat beyond the joint 

The equivalent finite-difference notation found 
establishing heat balance for the region centered around 
—Tm). After simplification, the balance 
these quantities yields the relation 


= (1—2r) + + Tm+1 762 (23) 
which 


simpler but less accurate formula used sometimes 


This obtained neglecting the heat capacity the 
region around the joint. 


Unequal intervals 


some discontinuity occurs point such that 
the two portions the body cannot subdivided into 
intervals length, the necessity arises work 
either with different intervals Ax, one part and Ax, 
the other, keep the same basic interval all 
over and have few intervals modified length Ax’ 
one both sides the discontinuity. derivation 
similar that the preceding section results the 
relation 


where 


NUMERICAL APPLICATIONS 


order show the manner which apply the 
formulae the preceding sections, number relatively 
simple problems will treated. The problems have been 
chosen that analytical solutions are available for 
comparison. 


Semi-infinite slab with sudden temperature 
change the surface 

This classical problem heat conduction; also 
applies perfectly insulated long rod web. Assume 
for all positive values and the boundary point 
best results, time the temperature the 
boundary should taken the mean and 
for adjusting the time interval give the 
same 


The calculations have been performed for three 


-and for sufficient number points time and space. 


Table compares these results with the analytical 
solution for three time points. Due lack space, 


Figure 


Semi-infinite slab—effect sudden temperature change 
its surface 


analytical solution 
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TABLE 
SEMI-INFINITE SLAB. SUDDEN TEMPERATURE CHANGE FACE 


Distance 
from face 


1.0 


Elapsed heating time, sec 


0.125 0.128 0.135 0.134 
0.031 0.038 0.046 0.046 


1.0 
0.619 
0.317 


(c) 
1.0 
0.618 
0.318 


1.0 
0.617 
0.317 


0.008 0.013 0.070 0.073 0.077 


not possible reproduce here the complete tabulation 
which was done decimals. 


Figure presents plot these solutions. seen 
that for values time larger than the agree- 
ment satisfactory. 


Slab finite thickness with heat transferred both faces 
convection from medium constant temperature 

wide thick slab having thermal diffusivity 
temperature The coefficient surface heat 
transfer 4.44 ft? °F). The varying tem- 
mined for the period initial heating. (Example taken 
from Reference 9.) 


1/8)? 


TABLE 


(d) Analytical solution. 


Within the slab, Eq. (12) with the above becomes 


the centre line 8), the condition symmetry 
represented Eq. (16) becomes 


the convective boundary 0), Eq. (17) applies, 


The calculation has been carried out for the first 
time intervals, with results plotted Figure Some 
the numerical values are listed Table together with 
the analytical solution for the surface temperature. 


The agreement very satisfactory, except for the 
first four time points. The results the numerical 
analysis are generally the low side, which probably 


Temperature distribution wing spar web 

The numerical example treated here the same 
that solved Reference analytical methods. The 
wing skin assumed perfect conductor, i.e. its 
temperature will vary with time only, but not with 
position along the chord. thermal resistance as- 
sumed exist between the skin and the spar cap that 


SLAB WITH CONVECTIVE HEAT TRANSFER FROM MEDIUM CONSTANT TEMPERATURE 


| 


Temperature 
point 
56.25 112.5 
Ambient 814 814 
Face 330.0 411.5 


1/4 
1/2 
3/4 
1.0 (CL) 


Elapsed heating time, sec 


168.8 225 281.3 
814 814 814 814 
458 489 513 458 


149.4 
28.1 
2.3 
0.1 


(a) Column and row represent analytical solution. 
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Slab with heat transferred both faces convection from 


numerical solution 
analytical solution 


the web temperature the joint with the skin the 
same the skin temperature. 
The data the problem are follows (Figure 3): 
Material skin and web: steel 
Heat transfer coefficient between boundary layer and 
skin, Btu/(hr ft® °F) 
Convective time constant for skin 
Initial temperature 60°F 


Boundary layer temperature assumed 


ponds missile accelerating suddenly 
3.1 50,000 ft). 

Radiation effects and convection inside the wing are 
neglected. 


Under the above assumptions, the uniform skin tem- 
perature can calculated means Eq. (10), 


Figure 
Dimensions web and skin panels 


are entered functions time the first rows 
Table The temperature both ends the web being 
known, proceed calculate the temperature dis- 
tribution over the web means the numerical 
procedure. 


Assume space interval 1.5 and convective 


20.17 sec. Eq. (15) will used for all the inside 
points the web, except the point the centre 


line where Eq. (16) applies. this case the latter reads 


Table summarizes the results for several time points. 
The temperature drop within the structure Ts; 
has also been calculated; this quantity indicative the 
thermal stress the spar web. seen attain 
maximum about 200 sec after beginning heating. 


Figure shows the variation with time the tem- 
perature the skin and the control points the 
web. Figure cross plot the same data and shows 
the temperature distribution the web for various values 
the time parameter. These curves agree quite 
with those given Reference 


Temperature distribution wing skin and web 
The preceding example extended here include 


the effect finite conductivity the skin. The same 


case has been treated, rather complicated analytical 


TABLE 


TEMPERATURE DISTRIBUTION SPAR =600°F 


Elapsed heating time, sec 


60.5 121.0 242.0 

333 468 568 584 

106 198 330 373 

136 185 234 

273 438 429 


20.17 40.33 
1.000 0.791 0.625 
540 428 338 
x=0 (Ts) 172 262 
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Figure 
Intersection skin and web 


method, References and The same data are used 
again, with the difference that the skin temperature will 
Temperature variation spar web 
vary with the distance from the web. the numerical 
work, the following equations shall used. 


(a) For points the web region, Eq. (15) pre- 
viously. 
(b) For points the skin region, Eq. (21) becomes 
(c) For point the junction skin and web, 
heat balance relation obtains similar Eq. (23), but 
. . 
including the effect convective heat transfer from the 
boundary layer into the skin (Figure 7). 


for better accuracy, obtaining 


Tm+i 762! (29) 


where 


6,’ = 2 x 2d,/(2d; + 6,’ = 2d2/(2d, 4+ dz), 


60° 


0.1406 489.6 0.85 


shall use the same space intervals for skin and web, 


then 


(d) point the skin, half-way between webs, 
and the centre line the web, conductive heat flow 


takes place and Eq. (16) applies. 


Discussion results 


Comparing the results summarized Table with 
those the preceding example, see that the tem- 
perature drop the skin the order 30°F, 
small when compared with the web gradients. Within the 
time interval considered 400 sec, the effect finite 
skin conductivity has not reached back point the 


temperature there being the previous calculation. 
Variation temperature difference between skin and The same conclusions result from comparison 
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TABLE 
TEMPERATURE DISTRIBUTION WING SKIN AND =600°F 


Temperature Elapsed heating time, sec 
| | 
60.5 121 181.5 242 302.5 363 
333 468 535 568 584 592 
3.0 333 468 535 568 584 592 
6.0 333 468 534 567 591 
332 466 530 564 580 588 
| 
12.0 (Joint) 307 436 504 539 557 569 
13.5 101.5 185 257 312 354 388 
| | 
88.5 130 176 222 264 
16.5 (CL Web) 133 177 221 
273 400 441 435 407 371 
that the heating process the web slightly retarded 
the drop skin temperature, but the overall tem- 
perature difference the structure and the time which 
occurs remain practically unchanged. 
The agreement these results with those 
References and quite good, considering that the 
dimensions are slightly different and that the graphs 
Parkes’ work not permit very accurate reading. 
le 
CONCLUDING REMARKS 
The worked-out examples have demonstrated the 
manner which the numerical procedure may ap- 
plied various problems transient heat flow. Once 
the difference equations have been set up, the calculations 
Figure may entrusted inexperienced personnel. With the 


STA 0 


Figure 


Temperature variation wing skin and spar web 


Temperature profiles wing skin and spar web 


exception the exponential functions, all the calcula- 
tions the tables were made inch slide-rule. 


few remarks concerning the practical side the 
calculations may not amiss. The first decision 
taken when solving problem concerns the choice 
the space and time intervals. This will depend mainly 


Figure 
Variation temperature differences skin-web structure 
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the accuracy desired. For exploratory investigation, 
the number space subdivisions need not more than 
The value the modulus will vary between 
and the first being the limit for stability when 
convection present and the last being used for best 
accuracy. The choice determines the time interval. 
When the period investigate long compared with 
the time interval chosen, may preferable switch 
longer time intervals (i.e. larger after small num- 
ber initial steps. the initial stage heating 
cooling, the temperature changes are generally much 
more rapid than later and must analyzed greater 
detail. 


When body composed several sections which 
cannot conveniently subdivided into equal intervals, 
may preferable slightly modify the original 
dimensions rather than have the inconvenience unequal 
intervals. 


With regard temperature, often useful 
refer all temperature changes the largest temperature 
difference (e.g. ambient minus initial, case con- 
stant ambient) which taken unity. Also, the 
case constant ambient temperature, some simplifica- 
tion results taking its value zero reference level. 
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Lewis Flight Propulsion Laboratory, N.A.C.A. 


INTRODUCTION 


engineer studying engine components con- 
tinually faced with the problem evaluating com- 
promises between weight, drag, thrust and efficiency. 
Consider the engine inlet, for example. The research 
engineer the airplane designer may have the choice 
low pressure recovery, low drag inlet high 
pressure recovery, high drag inlet about equal weight, 
possibly high pressure recovery, low drag inlet 
increased weight. One way evaluate such group 
possibilities assume missile mission and calculate 
the performance the missile with each the possible 
inlets. However, calculating complete missile perform- 
ance usually beyond the inclination the engineer 
studying inlets. The purpose this paper hence 
present simple method for estimating the missile per- 
formance, when only the component performance ‘is 
known. The paper will also discuss some examples illus- 
trating the application the proposed method. 


Although the method capable handling any 
components the installed engine, this paper considers 
primarily engine air inlets and exhaust nozzles. The per- 
formance the component is, for example, for the 
inlet: the pressure recovery, drag and weight; and for 
the exhaust system: the velocity coefficient, expansion 
ratio, drag and weight. Airplane performance refers 
its supersonic cruising range and its ceiling maneuver- 
ability. 

The equations that determine the airplane range and 
maneuverability are shown Figure The airplane 
range evaluated cruise engine combustor tem- 
perature. The terms the equation are the airframe lift- 
drag ratio L/D, the specific impulse the engine 
(that is, the pounds thrust per pound fuel per 
second), and the logarithm term involving the ratio 
fuel weight gross weight 

Both the airplane ceiling (in feet) and maneuver- 
ability (that is, the number g’s can pull turn 
without loss speed altitude) are measured the 
maneuverability the airplane This equation 


read the International Meeting Toronto 
the 27th November, 1956. 
Research Scientist. 


METHOD FOR EVALUATING JET-PROPULSION-SYSTEM 
COMPONENTS TERMS MISSILE 


RANGE MANEUVERABILITY 
Rs L/D I 


MAXIMUM 
ENGINE COMBUSTOR 
TEMPERATURE 


EVALUATE CRUISE 
ENGINE COMBUSTOR 
TEMPERATURE 


Figure 
Missile performance 


evaluated the maximum permissible cycle tem- 
perature contradistinction the cruise temperature 
that used the range equation. The terms the 
maneuverability equation are the maximum engine thrust 
the steady-level-flight airplane drag and the air- 
plane weight 


detailed development and discussion the method 
described this paper given Reference Part 
the general approach presented herein has been used 
other 


DESCRIPTION METHOD 


order illustrate the approach taken the 
problem this paper, only the range equation will 
discussed, with the. understanding that similar arguments 
apply the maneuverability equation. Further, dis- 
cussing the range equation, the inlet pressure recovery 
will taken the variable under consideration, with the 
understanding that could equally well many other 
variables, such inlet drag velocity coefficient 
the exhaust nozzle. Weight variations can also ac- 
counted for, although weight term will not shown 
the subsequent equations. 

Figure reviews the flight condition given 
airplane achieve maximum range. The terms the 
range equation considered this discussion are shown 
the top the figure. For given airplane, maximize 
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RANGE 
PARAMETER, 

I 


ALTITUDE PARAMETER, 


Figure 
Flight condition for maximum range 


range, the product L/D times should maximized. 
The range given airplane varies with the initial 
altitude flight, illustrated the figure, where 
the altitude ambient pressure and the airplane 
weight. course, for maximum range, the airplane 
should fly the peak this curve. When the airplane 
weight decreases because the fuel consumed, the 
altitude ambient pressure decreases corresponding 
amount that the ratio remains constant. The abscissa 


thus depends only the airplane design and not the 
fuel load aboard. 


Another important point that for given airplane 
given flight Mach number, constant, both 
the wing lift coefficient and the engine thrust coefficient 
are also constant. Hence, the airplane L/D and engine 
individually stay constant over the flight well 
product L/D times the approach taken herein, 
reasonably good airplane assumed begin with, 
and the effect making small change 
component this airplane then evaluated. The effect 
range found differentiation arrive the 
equation the bottom the figure. The denominators 
are the range and the airplane before change 
made. 


Suppose for the sake discussion that the change 
being considered increase inlet total-pressure 
recovery, illustrated Figure For the airplane 
with the improved inlet recovery, there will new 
the peak the new curve will shift new value 
from point point But because operation 
near the peaks the curves, the increase 
(L/D)I with the change from may 
neglected compared with the change (L/D)I con- 
stant from Evaluating only the change 
(L/D)I constant means that the airplane 
lift-drag ratio remains constant; hence its derivative 
zero and drops out the differential equation. Also, 
the change specific impulse must now evaluated 
constant thrust coefficient (recalling that We/p 
constant, then constant). This yields the equation 
the bottom the figure. 

Consider now what must done the engine 
order maintain constant thrust coefficient and what 
these changes the specific impulse. 
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PARAMETER, 


ALTITUDE PARAMETER, We/p 


Figure 
Effect engine component change best flight condition 


formance may plotted specific impulse against thrust 
coefficient where the intermediate variable the engine 
combustor temperature (Figure Two curves are illus- 
trated, one for the original engine and the other 
for the engine with the inlet having improved pressure 
recovery d#). the combustor temperature 
held constant after the pressure recovery has been in- 
creased, both the thrust coefficient and the specific im- 
pulse have increased, shown moving point 
point The term the equation the bottom 
the figure corresponding this change labeled DE. 
order reduce the thrust coefficient the original 
value, required, the engine must throttled back, 
that is, the combustor temperature must reduced 
shown the curve from point point The slope 
the specific impulse with thrust coefficient the term 


and ‘the distance moved along this 


curve minus the increase thrust that resulted from 
the increase pressure recovery The 
=const 
product these two terms labeled EF. 


All the terms the right-hand side the equation 
have been evaluated and plotted that evaluating the 
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Figure 
Effect component change engine 
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Ramjet engine performance and derivatives 
4.0 


equation only matter taking values from curve 
and performing few simple multiplications and ad- 
ditions. 


typical plot such performance and performance 
derivatives for ramjet engine presented Figure 
Part (a) the engine performance terms thrust 
coefficient and specific impulse. Part (b) the slope 
the curves part (a). Parts (c) and (d) are the deriva- 
tives the thrust coefficient and specific impulse with 


pressure recovery. These are all the values needed 
evaluate the equation the top the figure except 
which must determined from experimental work 
separate calculations. Reference also gives derivatives 
with respect exhaust nozzle velocity coefficient and 
nacelle drag coefficient for flight Mach numbers from 
1.0 5.0. Similar data are also given therein for 
turbojet engine. 

much for the method. The development has been 
illustrated only for the range equation; can also 
applied the maneuverability equation. Also, its use 
was illustrated only with inlet pressure recovery; per- 
formance the exhaust nozzle and other engine com- 
ponents can also handled, including weight. 
complete derivation the method given Reference 
some the final general equations from that report 
are shown Table 


APPLICATIONS METHOD 


The preceding section describes technique for 
evaluating engine components. This section will present 
several numerical examples illustrate typical applica- 
tions the technique. hoped that these examples 
are not merely illustrative but are also interest 
themselves. 

The flight vehicle considered will long-range 
ramjet powered missile fixed size. Gross weight 
assumed initially 100,000 pounds but allowed 
vary somewhat required engine modifications. 
Therefore, Equation (3) Table used. The engine 


Fixed-size airplane with fixed initial fuel weight and variable initial gross weight 


(c) airplane with constant acceleration potential and constant payload weight 


xX Cr Cr max ax X,C 


AIRPLANE PERFORMANCE RELATIONS 


(Evaluate cruise combustor temperature except terms involving 


(a) Fixed-size airplane with constant initial gross weight 
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(4) 


t,Cp 


FLIGHT MACH NUMBER 


Figure 
Effect inlet pressure recovery and drag 
[Note: based inlet frontal area] 


assumed have cruising combustion temperature 
3500°R. The examples will deal turn with each 
the three major components the ramjet engine: inlet 
diffuser, combustion chamber and exhaust nozzle. 


Comparative importance inlet pressure recovery and drag 

The thrust and specific impulse supersonic jet 
engine depend great extent how successfully 
the diffuser converts the velocity head the captured 
air into pressure. This, course, particularly true 
ramjet engine, which has mechanical compressor 
raise the air pressure. Intensive effort has therefore 
been devoted the development efficient inlet dif- 
fusers that provide high pressure recoveries. Unfor- 
tunately, usually the case that inlets possessing good 
pressure recoveries also incur large external cowl drags 
which tend negate the benefits high recovery. This 
effect (plus many others, course) must considered 
arriving satisfactory inlet design. 

The mathematical technique described this paper 
may used helpful guide making compromise 
between the factors pressure recovery and cowl drag. 
For this purpose, Figure may constructed, which 
indicates the effect relative missile range unit 
increment either pressure recovery cowl drag co- 
efficient. Note especially that given increment cowl 
drag coefficient produces relatively greater loss range 
flight speed increased. 


FOR 
CONSTANT 
RANGE 


FLIGHT MACH NUMBER 


Figure 
Inlet break-even missile 
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EFFECT RANGE 
DUE CHANGE 


RELATIVE 
CHANGE 
dR/R -.04 


NET 


FLAMEHOLDER PRESSURE LOSS, AP/P 
Figure 
Effect flameholder missile; 4.0 


The information Figure may combined into 
single curve, which presents what has been termed the 
“breakeven condition” (Figure 7). Here shown the 
ratio the increment drag coefficient the increment 
pressure recovery that must preserved maintain 
constant range when inlet redesigned modified 
given flight (It not implied that 
the range the same different Mach numbers.) The 
figure shows that, low Mach numbers, given 
increment pressure recovery may accompanied 
large increase drag coefficient without harming 
missile range. higher Mach numbers, however, only 
small increase drag coefficient tolerable for the 
same increment pressure recovery. may then 
concluded that, high Mach numbers, good inlet 
should compromised more the direction low 
drag than required lower speeds. 


Effect flameholder drag 

When conventional fuels are used, necessary 
provide flameholding elements the combustor entrance 
order stabilize the flame and promote efficient 
combustion. Such flameholders partially block the air- 
flow, creating turbulence and resulting loss total 
pressure. This total-pressure loss reflected directly 
lower engine thrust and specific impulse (assuming 
constant combustion efficiency). However, use flame- 
holders with greater amounts flow blockage (and 
hence, greater total-pressure losses) usually results 
improvement combustion efficiency with consequent 
beneficial effect specific impulse. The combustion- 
chamber designer must, therefore, often compromise be- 
tween low-drag flameholder with small pressure losses 
and high-drag flameholder that provides better com- 
bustion efficiency. 

The change missile range resulting from variations 
flameholder total-pressure loss shown Figure 
assumed this figure that the combustion efficiency 
constant. (Also, the effect flameholder-weight varia- 
tions neglected.) The circled points indicate the flame- 
holder drag coefficient units the incompressible 
dynamic head the air upstream the flameholder 
(for combustor-inlet Mach number 0.125). The 
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Figure 
Effect nozzle expansion engine; 4.0 


drag coefficient for the reference flameholder taken 
with corresponding pressure loss 0.02. Increasing 
the drag coefficient (pressure loss 0.21) reduces 
the range because the loss thrust and 
because the loss specific impulse, for total 
reduction range 6%, experiments should now 
show that this change flameholder drag had increased 
the combustion efficiency 8%, for example, could 
then conclude that the missile range had been improved 
flameholder. 

should observed that the importance the 
flameholder pressure loss function the flight Mach 
number (similar the case inlet pressure recovery). 
high flight speeds, greater pressure losses can 
tolerated without serious consequences. 


Effect nozzle expansion ratio 

flight speed increases, the pressure ratio afforded 
ram effect soon reaches very large proportions. For 
example, Mach number the ideal ratio nozzle 
total/free-stream static pressure 157. After undergoing 
reasonable losses the diffuser and combustion chamber, 
the pressure the gas entering the exhaust nozzle 
still the order times ambient pressure. Maximum 
internal engine thrust and specific impulse obtained 
using nearly fully expanding convergent-divergent 
nozzle. The exit area such nozzle would about 
three times the frontal area the inlet. considerable 
portion engine weight and nacelle drag could saved 
using smaller, incompletely expanding nozzle. 

This situation illustrated Figure where the 
estimated engine weight per unit frontal area, nacelle 
drag coefficient, and internal thrust coefficient (based 
inlet frontal area) are given functions the ratio 
nozzle exit pressure ambient pressure. When this 
ratio unity, the exhaust gases are completely expanded 
the nozzle. the nozzle cut back until 
larger than the inlet, the pressure the gas leaving the 
nozzle times ambient. this condition, the engine 
weight has been reduced 20% and the nacelle drag 
50%. the same time, however, failure expand 
the gases completely reduces both the internal engine 
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Figure 
Effect nozzle expansion ratio—ramjet missile; 4.0 


thrust and the specific impulse 10%. (The initial 
slight improvement internal thrust results from the 
assumption nozzle velocity coefficient less than 
unity. 

order determine the nozzle expansion ratio for 
best range, consider simultaneously 
the effect the missile changes Cp, and 
W.. The effect range each these parameters 
shown Figure 10. Summing the range increments 
for each parameter gives the total change range 
indicated the dashed line. Reducing the nozzle-exit 
area from the fully expanding condition results 
range improvement over exit pressure ratio 
1.75. This corresponds exit area reduction 
from that for full expansion. Further area reductions 
decrease the range; however, exit pressure ratio 
3.40 (which exit area reduction 58%) still pro- 
vides long range does full expansion. exit 
area equal inlet area would much too severe 
reduction, resulting range less than that for full 
expansion and less than that for the optimum ex- 
pansion ratio. 


CONCLUSION 
With the aid number simplifying assumptions, 


analytical technique has been developed evaluate 


modifications engine components terms the per- 
formance the engine-airframe combination. Although 
the present discussion has emphasized application 
ramjet missiles, the method equally applicable turbo- 
jet aircraft. The technique appears most useful for 
workers engaged research and development inlet 
diffusers and exhaust nozzles. However, the presented 
relations are general enough apply any engine 
component. 
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SECRETARY’S LETTER 


UNSOLICITED TESTIMONIALS DEPARTMENT 


not often that get bouquets thrown our way 

and was very gratifying receive the following: 
“Many thanks for the complimentary copy your 
Journal that was sent me. the first time that 
have had the pleasure reading this Journal and 
very favourably impressed the scope and 
quality the material this issue. The index for 
Volume which was enclosed, impressive and 
makes feel that have missed much the past 
not reading this Journal.” 
you see, gentle reader, somebody likes us. may 

add that applied for admission. 


ANNUAL DUES 

March send all members their annual dues 
bills for the new year 1957-58, which begins the 
Ist April. should say the great 
majority pay their dues fairly promptly and for 
while our Headquarters staff inundated with payments, 
the form cheques, money orders and even cash. 
deal with them expeditiously can, sending 
out membership cards and, when requested, receipts 
acknowledgment these payments. But because the 
quantity and because this hits when are very 
busy getting ready for the Annual General Meeting, 
cannot handle all the necessary bookkeeping 
quickly should like. mention this making 
plea for patience. not suggesting that people should 
put off paying their dues and then forget about 
altogether but hope that members will bear with 
not acknowledge their payments for two 
three weeks. 

case anyone wonders what has happened the 
“Journal Card” which was attached last year’s dues 
bill, the story this. The Post Office not particularly 
concerned with who pays for what, but interested 
handling the mail; will give special rate 
Journals sent people who want them and say 
but get reduction Journals sent people who 
have specifically asked for them. last year 


March, 1957 


attached card the dues bill, which each member 
could indicate whether wanted the Journal not. 
These cards were checked the Post Office; and they 
will rechecked more cards are received from new 
members. However, the Post Office has said that 
not have collect these cards from everybody every 
year and, for this year any rate, those who have 
already returned cards will not asked again. 


NEWS MEMBERS 

the “Members” section the Journal, give 
short items news about members who have moved 
have received honours appointments. People like 
learn that “Old So-and-so” has received some long- 
service award “Young Whatsisname” has become 
General Manager. 


Please give your news. Having organized in- 
telligence service, work under severe handicap. 
Branch Secretaries are our chief source information; 
company house journals are another; and sometimes even 
the members tell themselves, but usually only when 
change mailing address involved. 


NEWS SUSTAINING MEMBERS 

And would ask our Sustaining Members give 
their news too. will gladly publish news having 
technical significance the Canadian aeronautical scene. 
Such things the building new plant, the opening 
new facilities, the development new equipment 
(and its technical details), the step step emergence 
new aircraft new engine, the introduction 
new equipment operators all these things are 
wide interest. Sustaining Members should remember that, 
members the Institute, they are very welcome 
use the Journal for announcements their technical 
contributions. ‘Directly indirectly these contributions 
affect all. 
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BRANCHES 


NEWS 
January Meeting 


The January meeting, held Beaver 
Barracks Wednesday, 16th January, 
was attended rather small audience, 
but when recalled that Ottawa was 
the midst record-breaking cold 
wave that week, encouraging that 
members were able make it. The 
speaker the evening, Mr. “Red” 
Lymburner, Director TransAir 
Limited, and his subject, “Surveying the 
DEW Line”, were introduced G/C 
Gouin, Vice-Chairman the 
Branch. The introduction recalled Mr. 
Lymburner pioneer Canadian bush 
pilot and also second pilot, and 
captain, respectively, two Antarctic 
expeditions under Ellsworth 

Mr. Lymburner used tape recording 
introduce his topic, CBC recording 
one Max Ferguson’s “Rawhide” 
versions Canadiana entitled “DEW 
Line”. Briefly, imagine several million 
dew worms trough two feet wide, 
one foot deep, filled with first-grade top 
soil, and stretching along far-northern 
parallel from the Atlantic Alaska. 
make Rawhide’s dew line work, simply 
fly toward the line from the north and, 
some point removed from the line, the 
shock waves emanating from the air- 
craft should arrive the cross-country 
trough with the delicate influence 
falling dew. This, course, causes the 
dew worms start surfacing masse 
and, with suitable quantity photo- 
electric cells, the defence 
motivated. Rawhide pokes fun many 
sides Canadian life and his dew line 
was reality dig the security cur- 
tain which the DEW Line requires. Mr. 
Lymburner was faced with the security 
problem his paper; was obviously 
restricted from discussing the details 
Operation Survey. However, did out- 
line the chief obstacles during the opera- 
tion transportation between 
Arctic weather, and the supply diffi- 
culties. 

Mr. Lymburner was associated with 
Spartan Air Services 1955 when the 
company became prime contractor 
Western Electric for all the survey work 
the DEW Line. The approximate 
locations the sites had been completed 
Western Electric and was Spartan’s 
responsibility produce the engineering 


detail for the construction con- 


tractors. The siting consisted the 


surveying runways, roads, building 
foundations and beacon locations. 
Manager, Mr. Lymburner was 
required coordinate the activities 
four companies Spartan Air Services 
ground and photographic survey; 
Aero Ltd., Philadelphia, 
photo New York con- 
sulting engineering and Canadian 
Aero Services Ltd. who handled the 
project administration. 


Because the work was restricted the 
period between February and June, 1955, 
was extremely difficult obtain the 
services skilled engineers with Arctic 
experience. The purchase Arctic 
equipment also taxed the management 
and, unlike the personnel problem, 
was never satisfactorily solved. With the 
main base Churchill, the operation 
commenced March and was plagued 
continually transportation difficulties. 
The support for the survey parties was 
adequately provided with aircraft for 
each party, plus one for the project 
manager. However, due bad weather, 
aircraft unserviceabilities, misplaced gas- 
oline caches and unreliable navigation 
procedures, the manager was often re- 
quired release his aircraft for direct 
support duties. This necessitated the use 
chartered aircraft, and one oc- 
casion resulted 2,700 mile flight 
progress 150 miles eastward along the 
line. This was due the lack east- 
west travel out Churchill, which 
obliged the traveller move south from 
Churchill link with trans-Canada 
service points such Ottawa, Win- 
nipeg Edmonton, north 
again via chartered aircraft. The chief 
problem with Arctic navigation was the 
finding survey party fuel cache 
map reading over landscapes which 
changed with every storm. 


spite such adversities, the task 
was completed schedule June, 
1955, and the engineering data was made 
available later the year. Mr. Lym- 
burner pointed out that his previous 
Arctic experience, which had been ac- 
quired leisurely pace with explora- 
tion parties, was not useful had 
been anticipated. the other hand, 
Operation Survey had follow strict 
timetable beat the summer break-up, 
which provided leeway only few 
days. 

Mr. Lymburner completed his lecture 
presenting number coloured 
slides taken during the operation. These 
slides provided vivid pictures Arctic 


wilderness and although could not 
identify the locations for 
reasons made little difference the 
audience because the monotonous 
similarity each site. 

Following short question period, the 
speaker was thanked and the meeting 
adjourned 10.30 p.m. 


First January Meeting 


had quite successful opening 
meeting the 9th January attended 
total approximately members, 
prospective members and guests. Pro- 
gram Committee and Nominating Com- 
mittee were appointed and was agreed 
the members present that the Interim 
Committee continue function until 
April next, which time should 
able through the procedure 
Article the Branch Regulations 
elect officers for 1957-58. 


The writer gave talk “How the 
Design Airliner Starts” and de- 
scribed simply possible the pro- 
cedure which has followed 
order prepare the first general ar- 
rangement drawing any aircraft. 


Second January Meeting 


Our second meeting was held the 
Nova Scotia Technical College, Halifax, 
the 30th January, when Mr. 
Lynch, Chief Ground Test Engineer 
Avro Aircraft, lectured “The Struc- 
tural Testing Modern Aircraft”. 


The audience about members, 
applicants and guests obviously enjoyed 
every minute truly masterly exposi- 
tion complex subject. Our thanks 
are due member the Toronto 
Branch and Avro Aircraft Ltd. for 
such excellent paper. 


January Meeting 


The Vancouver Branch 
pleased welcome Mr. Luttman, 
Secretary the Institute. His visit was 
well-timed, since coincided with the 
regular meeting the Branch. 


Earlier the day, Mr. Luttman and 
the writer had visited our very en- 
thusiastic Student Section Royal 
Roads. usual, the visitors were 
greeted warmly and treated hospitably. 
report the Student Section this 
visit appears following this report. 

The evening meeting was held the 
Stanley Park Sports Pavilion and was 
attended members and guests. 
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Vancouver Branch—Student Section members Royal Roads. Front row r): 
(Missing: Cadets Crow and Johnson). 


short business session preceded few 
well-chosen remarks Mr. Luttman. 
spoke the activities the Institute 
and the forthcoming Institute meeting 
Winnipeg. retired leaving well- 
pleased with our efforts, good repre- 
sentative Headquarters does. 


Our speaker for the evening was Mr. 
Brinkman, Manager, Customer 
Sales, U.A.L. Denver, Colorado. Mr. 
Brinkman was introduced Mr. 
Cox, Sales Manager, U.A.L. Vancouver. 

Mr. Brinkman chose his subject 
“Space Control thru’ R.A.M.A.C.” and 
divided his talk into two sections the 
first dealing with the problem and the 
second dealing with answer the 
problem. The control airlines reserva- 
tions becoming increasingly difficult. 
The manpower requirements present 
systems, particularly the control 
centre, and the. paper work required 
are reaching formidable proportions. 
The integration and coordination 
field sales offices, spread across the con- 
tinent within and beyond the borders 
the creates staggering prob- 
lem. Mr. Brinkman was able express 
these and related problems very lucidly 
and simply plain, ordinary, inven- 
tory control problem. Why not make 
use the untold man hours work 
which have gone into the development 
cedures? For Inventory Control read 
Space Control. 

Accuracy paramount, Speed essen- 
tial. 
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U.A.L.’s answer this problem 
Random Access Memory Accounting, 
one the latest developments elec- 
tronic data processing, which can handle 
today’s workloads and also the fore- 
seeable workloads the jet age more 
efficiently and more economically. 

The new space control system 
divided into three sections. Firstly, there 
the Central Control office (with 
secondly, the Telephone 
Sales offices using punched cards 
for reservations transactions, referred 
1.B.M. offices; and thirdly, the offices 
that use the teletype instead the 
punched card, referred 
offices. 

The sequence steps which the space 
control system must through are 
similar those processes used the 
human brain. must listen informa- 
tion instructions given; must mem- 
orize; must act and, necessary, 
calculate and make decisions; and finally, 
must able give answers and 
information requested. 


RAMAC store 5,000,000 char- 
acters and can perform “read” 
“write” operation the average time 
“talking”, completes typed daily 
summary 300 trips, containing 1,000 
flight segments less than minutes. 

Like the human, RAMAC tires 
worked too long; can become tem- 
peramental. Hence standby RAMAC 
installed. Like the human, RAMAC 


paid overtime worked too long. 
was estimated that the system will cost 
$20,000 each month and this figure will 
increase appreciably overtime re- 
quired. U.A.L. bought RAMAC purely 
the basis immediate savings. 

Mr. Brinkman ended his talk 
cautious note. RAMAC not cure- 
all. only accurate the in- 
formation which receives. 

The discussion that followed was 
adequate expression audience interest 
and emphasized the three areas 
major interest the effect this auto- 
mation reservations personnel; the 
problems associated with this application 
electronic data processing; and the 
potential applications RAMAC, par- 
ticularly for cargo space control and 
statistical analysis and reports. 

Our thanks were expressed the 
Secretary, who commended U.A.L. for 
their progressive outlook the re-em- 
ployment personnel made redundant 
RAMAC. 


The meeting adjourned for coffee and 
sandwiches. 


Student Section January Meeting 


January 18, 1957, the Royal Roads 
Student Section the Vancouver 
Branch, was honoured the 
presence Mr. Luttman, Secre- 
tary the and Mr. Mc- 
Williams, Secretary-Treasurer the 
Branch, Arriving 
shortly before lunch, the guests were 
met and entertained the Wardroom 
the Castle F/L Lewis and 
eleven Student members. 

Immediately after lunch, meeting 
was held the Conference Room with 
Mr. Luttman, Mr. F/L 
Lewis and nineteen Students present. 
The Chairman, Cadet Stedman, 
opened the meeting calling upon the 


Secretary read the Minutes the last 


meeting. The Minutes were read and 
adopted. 


Cadet Dawson then presented 
report the membership the Sec- 
tion. stated that cadets hold 
Student membership cards, while 
other cadets have their applications un- 
der consideration the moment. 


Cadet Stedman then introduced the 
guest speaker, Mr. Luttman. Mr. Lutt- 
man first stated the aims and the ad- 
especially emphasized the importance 
the Student Sections, particularly 
place such Military College. This, 
said, will help decrease the gulf 
between industry and the Services. Not 
only cadets receive the opportunity 
meet senior people the aeronautical 
profession, but attending meet- 
ings and activities, they are working 
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hand hand with their civilian counter- 
parts, association which will tend 
provide outlook both civilian and 
Service aeronautical problems. 

Mr. Luttman then presented brief 
account the organization and admin- 
istration the Institute means the 
Council, Executive Committee and the 
Branches the was particularly 
interesting note that the first Institute 
“Section” (Test Pilots) has been formed. 
Mr. Luttman stated that, future, other 
Sections, such Rocketry and Elec- 
tronics, might well formed. Mr. 
Luttman was then thanked Cadet 
Stedman for his informative address. 

Mr. McWilliams was then called upon 
say few words. stressed the 
importance sending Minutes meet- 
ings and any papers presented cadets 
the Journal. This would give 
the other members the Institute 
idea the activities the Royal Roads 
Student Section. 

Mr. also stated that 
might possible the near future 
obtain Mr. Tex Johnston, Chief Test 
Pilot Boeing Aeroplane Co. Seattle, 
address the Student Section Royal 
Roads. 

Cadet McCracken rose ex- 
press vote thanks Mr. Mc- 
Williams for his timely assistance 
organizing tour the Boeing Aero- 
plane Co. plant Seattle for number 
the Student members. 

1415 hours, the meeting was ad- 
journed Cadet Crow and 
seconded Cadet Hopp. Cadet 
Stedman, after thanking the two guests 
for the interest they have shown and the 
help they have given the formation 
the Student Branch, adjourned the 
meeting. 

Cold Lake—Reported Ellard 
January Meeting 

The January meeting the Cold 
Lake Branch was held the Library 
16th January, 1957. 

After short business meeting, the 
Branch Chairman introduced Mr. 
Luttman, Secretary the who 
gave most interesting talk the in- 
ception, growth, aims and achievements 
the which was much ap- 
preciated the members present. 

The Branch Chairman thanked the 
speaker and lively question period fol- 
lowed, during which refreshments were 
served. 

Thirty members attended this meeting. 
January Meeting 


Tuesday, January 29, 1957, the 
Westinghouse Auditorium, the Winni- 
peg Branch the had their 


guest speaker, Mr. Graham, Senior 
Service Representative for Helicopters 
Canadian Pratt Whitney. Mr. 
Graham’s talk mentioned some the 
early history helicopter development 
and some the design problems which 
were encountered. covered more 
detail problems operation and 
maintenance and overhaul. Mr. Graham 
also mentioned the helicopter’s unique 
capabilities, which are the result its 
ability hover and move any 


Since serious helicopter design and 
construction did not take place until the 
late unfair compare rotating 
wing aircraft development with fixed 
wing aircraft development. The Ger- 
mans made successful helicopter 
1937. the Western Hemisphere, the 
first successful helicopter was Sikorski’s 
which flew 1939. 


major problem helicopter design 
the control system. Early attempts 
flight resulted slow roll-off the 
ground, instead controlled flight. The 
cause was established the difference 
lift which resulted from the difference 
airspeed between the advancing and 
receding rotor blades. The solution was 
Cierva’s flapping hinge, which still 
used. 

The history helicopter develop- 
ment shows steady progress from the 
VS300, which flew mph, the 
which has top speed over 160 
mph with payload. 


Much the early commercial heli- 
copter operation Canada was moun- 
tain survey work. Payloads were limited 
and the main advantage 
copter was its ability get man and 
his survey equipment 
places. This job has now been expanded 
the point where helicopters are being 
used for seismic exploration. Survey 
points are one-third mile apart and 
the surveyor’s transit replaced 
ton and half equipment. 


Helicopter ambulance service for 
some remote areas now reality. This 
could expanded cover metropolitan 
areas. Another proposed use for heli- 
copters that airport fire-tender, 
where fences and other obstructions 
slow down ground equipment. 


Mr. Graham closed his talk with 
film helicopter operation remote 
areas and over the Gulf Mexico. 
the latter area, helicopter taxi service 
saves costly drilling time speeding 
technicians and parts rigs drilling for 
oil under the Gulf. 

Mr. Robinson, Chief Engineer 
thanked Mr. Graham for his talk which 
had items interest and technical 
information for everyone present. 


February Meeting 

S/L Diack, Chairman the 
Programme Committee, introduced the 
guest speaker, Mr. Falconar, 


the Cold Lake January Meeting r): Haynes (Education Committee), 
Ellard (Secretary), S/L MacArthur (Councillor), W/C Ellis 
(Program Chairman), Luttman (Secretary S/L Christie 


(Chairman), Wallis (Councillor). 


Canadian Aeronautical Journal 


q 
= in q 


meeting the Edmonton Branch held 
the 15th February. was pointed 
out that Mr. Falconar has long back- 
ground glider experience and was 
member the Canadian glider team 
the international soaring meet 
France last year. 


The speaker, who had chosen his 
subject, “Progress Soaring”, covered 
the development the glider from the 
very early days and discussed the various 
types gliders. was shown that 
Germany developed gliding greatly after 
the first World War. The Canadian 
Gliding Association was formed 1944, 
after which several gliding clubs 
eastern Canada were formed. These 
clubs, said Falconar, 
quently developed soaring high 


SECTIONS 


NEWS 
Test Pilots—Reported F/L Henry 


This the first newsletter the 
newly-formed Test Pilots Section the 
and seems fitting that review 


events leading its formation should 
included. 


the 2nd March, 1956, meeting 
all Canadian civilian and military test 
pilots was held RCAF Station Rock- 
cliffe for the purpose acquainting the 
facilities, the specifications use, new 
pilot equipment, and for general dis- 
cussion flight test problems Canada. 
Out this meeting there came pro- 
posal form Canadian Test Pilots 
Association. steering committee was 
appointed and was composed follows: 

Chairman: Longhurst, Canadair 
Ltd. 

Vice-Chairman: Rogers, Avro 
Aircraft Ltd. 

Secretary: F/L Henry, CEPE 
Rockcliffe. 

Advisers: The chief test pilots the 
RCAF, and the aircraft com- 
panies Canada; Mr. Lutt- 
man, Secretary the and 
Mr. Gadzos the Department 
Transport. 


Several lengthy discussions were held 
this august body the ensuing 
months and eventually was decided 
accept the proposal that the 
test pilots form Section the 
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degree and currently hold some fine 
they have also done well 
international events. Mr. Falconar next 
discussed the theory glider flight, 
particularly regards the various types 
air motion that make soaring possible. 

Apart from the better-known thermal 
and upgrade currents, was shown that 
wave-form soaring made possible 
reach very great heights. Gliders using 
the dynamics this phenomena have 
already reached height 45,000 
and the ultimate possible altitude attain- 
able believed much greater. 
Development pressurization now 
under way for this purpose and these 
high altitude gliders are currently being 
used for scientific weather research. 

was shown that inately, glider pilots 
require much greater knowledge 


During this period, Mr. Luttman did 
yeoman service acting adviser 
and liaison between the 
and the 

Finally, the 25th November, 1956, 
the Council approved the forma- 
tion Sections within the which 
would give members with common in- 
terests framework for discussion and 
action problems concerning their par- 
ticular line work. The Test Pilots 
Section then became the first these 
Sections. 


The Executive Committee the Test 
Pilots held their first meeting Ottawa 
the 15th December, 1956. The mem- 
bers this Committee were the mem- 
bers the original steering committee 
and the meeting was held form 
plan action for the Section. Two 
major projects were decided upon this 
meeting; investigation the problem 
standardization flight test quali- 
fications Canada and the problem 
limited test flying above overcast 
layer jet aircraft and increasing the 
safety flight during flight tests. Com- 
mittees were appointed look into these 
problems and within couple months 
there should some news how these 
investigations are progressing. 


The Annual General Meeting the 
will held Ottawa the 
27th and May. The Test Pilots Sec- 
tion has been allocated half day for 
business meeting and technical discus- 
sion. Election the new Executive 


meteorological science than necessary 
for powered aircraft pilot. Quite large 
soaring gliders were discussed, which 
have wing spans the order 100 
120 and weigh 3,500 which have 
been built for research the various 
aeronautical sciences. 


Mr. Falconar next gave-an excellent 
and detailed account the 1956 inter- 
national soaring meet France, which 
was shown highly competitive with 
great number nations represented. 
Coloured pictures dealing with the meet 
were next projected, which illustrated 
clearly the various gliders and other data 
relating the meet. the conclusion 
the talk, Mr. Falconar was ably 
thanked Mr. Lloyd, our Treas- 
urer. 


Committee will take place mail and 
the new Executive will take office this 
meeting. There will several papers 
great interest the test pilots pre- 
sented during the two days and 
strongly recommend that you plan 
attend. 

The membership the Test Pilots 
Section has been increasing steadily but 
there are still many who are eligible 
who have not applied for Section mem- 
bership. The identifying qualification 
for the Section follows: 

“All members the Institute who are, 
have been for not less than two 
years, engaged pilots 
mental, development, production 
maintenance flight testing, shall 
eligible for membership the Sec- 
tion.” 


Applications for Section membership 
may obtained from the Secretary 
the and remember, costs you 
nothing additional join! 


IDENTIFYING QUALIFICATION 
Test Pilots Section 


Attention directed the revised 
Identifying Qualification for member- 
ship the Test Pilots Section, quoted 
the Secretary the Section the 
above newsletter. This supersedes the 
Identifying Qualification appearing 
page 377 the December 1956 issue 
the Journal. 
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SUSTAINING MEMBERS 


NEW SUSTAINING MEMBER 
following Company has joined 
the Institute Sustaining Member: 


Carriere and MacFeeters Limited. 


NEWS 

Decea Radar (Canada) Ltd. reports 
that Decca Windfinding Radar W.F.1 
has been purchased the Meteorologi- 
cal Branch the Department 
Transport and undergo tests 
Toronto determine its suitability for 
operation under Canadian conditions. 


This new equipment the result 
extensive research Decca Radar Ltd., 
who have pioneered the application 
radar meteorological problems, and 
designed for the measurement 
upper winds. The prototype the 
Decca Windfinding Radar underwent 
intensive operational trials during the 
2nd World Comparison Radio-sonde 
Payerne, Switzerland, organized 
the World Meteorological Organization 
June, 1956, where ascents were made 
90,000 and above. 


During the International Geophysical 
Year, upper air stations all over the 
world are cooperating measure the 
velocities winds from 
surface 100,000 ft. One these 
Windfinding equipments being car- 
ried the Magga Dan now route 
the Antarctic, used members 
the Royal Society International Geo- 
physical Year Expedition, which will 
established Halle Bay for two years. 

Computing Devices Canada Ltd. and 
Decca Navigator (Canada) Ltd. have 
announced arrangement whereby 
CDC assumed responsibility for instal- 
lation and maintenance Decca Navi- 
gator equipment Canada. 

The Pacific Division Bendix Avia- 
tion Corp. holds North American sales 
and manufacturing rights 
Decca Navigator Company Ltd. These 
rights Canada have been acquired 
CDC, actively supported the activities 
Bendix Pacific and Decca Navigator 
(Canada) Ltd. 


The Decca Navigator high pre- 
cision navigation system consisting 
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chain ground stations which provide 
hyperbolic grid system low 
frequency radio signals, and marine and 
airborne receivers designed interpret 
these signals into accurate position. 
CDC engineers and technicians, with 
the cooperation Decca Navigator 
(Canada) Ltd., are process installing 
the first Canadian land based chain 
located Newfoundland. Several vessels 
the Department Mines and Tech- 
nical Surveys have successfully used the 
system for Canadian survey purposes. 
Eleven chains already installed Europe 
give complete coverage the Atlantic 
coastline Europe from northern Nor- 
way northern Spain. result, more 
than 3,700 ships and aircraft based 
Europe are equipped with receivers for 
use the eastern side the Atlantic, 
including over thousand fishing vessels. 

Potential users Canada the pre- 
cision Decca system are shipping com- 
panies, fishing vessels, ferry boats, the 
RCMP, Dept. Mines and Technical 
Surveys Hydrographic Survey vessels, 
some larger pleasure boats and tugboats. 
Similar equipment designed for airborne 
use applicable the operations all 
types aircraft and helicopters. The 
Armed Services are also potential users 
Decca equipment ships, aircraft 
and land vehicles. 

Canadian Pacific Air Lines Ltd. have 
sought permission service 
between Canada, Portugal and Spain. 
The following the text the state- 
ment the Minister Transport 
this subject: 

Recently Canadian Pacific Air Lines 
applied the government for authoriza- 
tion operate scheduled service from 
Montreal Lisbon, Portugal, under the 
existing bilateral air agreement between 
Canada and Portugal, and for authoriza- 
tion extend this service Madrid 
and when appropriate arrangements with 
the Spanish government can made. 
The new service would operated 
conjunction with the present C.P.A. 
service from Mexico and South America 
Toronto but would not carry local 


between Toronto and Montreal. 

has been indicated previous 
statements government policy, Trans- 
Canada Air Lines the Canadian air 
carrier designated the government 
operate trans-Atlantic air services 
Trans-Canada Air 
Lines also has had before the govern- 
ment proposals for the extension its 
trans-Atlantic services 
points Europe. 

The government, after considering 
these matters, has taken the following 
action: (1) C.P.A. has been designated 
the Governor Council the Can- 
adian carrier operate international 
scheduled air services from Montreal 
Lisbon and also Madrid and when 
the necessary arrangements can made 
with the Spanish government; and (2) 
policy that T.C.A. and the 
Canadian air carrier for service other 
European points not present served 
Canadian air carrier. T.C.A. 
present provides service London, 
Paris and Dusseldorf, and 
lateral air agreements authorize Can- 
adian service Brussels, Copenhagen, 
Oslo and Stockholm. expected that 
negotiations with the Government 
looking the conclusion bilateral 
agreement with that country. 


the carriers concerned will initiate the 
new services, and any announcement 
these matters will made the air- 
lines themselves. 


During the discussions concerning the 
proposed service Lisbon, C.P.A. in- 
dicated the government that upon 
being licenced operate over this new 
route would apply the Air Trans- 
port Board for permission give its 
present domestic licence for service be- 
tween Winnipeg and Churchill. The 
selection carrier operate the 
Winnipeg-Churchill 
course, matter for determination 
the usual manner the Air Trans- 
port Board. 
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LIMITED 

Avro LIMITED 

Company 

LIMITED 

LIMITED 

CAMPBELLFORD PRECISION Propucts LIMITED 

Car Founpry LIMITED 


LIMITED 


CANADIAN STEEL IMPROVEMENT LIMITED 
Cannon LIMITED 
AND 
Decca Navicator 

Decca Rapar 

DorvaL CoMPANY 

Dowty CANADA LIMITED 


Division BURROUGHS 


AVIATION COMPANY CANADA LIMITED 


LIMITED 


FLEET MANUFACTURING LIMITED 


LIMITED 


ENGINEERING LIMITED 

Jarry 

Jet 

REGULATOR CoMPANY LIMITED 
Morrats (Avco CANADA) 

(CANADA) LIMITED 

LIMITED 

Prenco ENGINEERING LIMITED 
PSC LIMITED 

Power ENGINEERING LIMITED 
LIMITED 

SHELL Company LIMITED 

SparTAN Services 

STANDARD AERO ENGINE LIMITED 

LIMITED 


York Gears LIMITED 
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ANCHOR BUSHINGS 


FOR SHEET METAL AND 
LAMINATE PLASTIC 


For low cost, easy-to-make drill templates, Anchor Bushings 
ere hardened steel bushings pressed into low carbon steel 
enchor straps. Some are riveted or spot welded to sheet 
metal — others are riveted or embedded to laminate plastic 
materials, 
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NUT PLATE 


TRIANGLE ORILL FIXTURE 
LAMINATE 


Tr 


ANCHOR BUSHING 
DRILL TEMPLATE 


Using lightweight sheet metal or laminate plastic materials, 
Anchor Bushing drill templates greatly reduce the cost of 
labor and materials required to make conventional drill 
fixtures or jigs. 


Inexpensive Anchor Bushings come in standard drill sizes 
— 2+55(.052) to 7/16(.4375). 


SINGLE EAR U.S. Patent #2483686 on method ond product. 
LAMINATE Foreign Patents pending. Trade Merk registered. 


EXCLUSIVE CANADIAN DISTRIBUTORS: 


SIMMONDS AEROCESSORIES CANADA LIMITED 
MONKLAND AVENUE MONTREAL, P.Q.” 


SAC 11 45 ° Write for the free Anchor Bushing Coetelegue 


Aircraft Propulsion Specialist 
and 
Aircraft Performance Analyst 


Defence Research Board 
Ottawa, Ontario 


Specialists aircraft engines and propulsion and 
aircraft performance analysis are required undertake 
studies and analyses for defence requirements; 
evaluate research and development projects and plan test 
facilities support these; responsible for tech- 
nical supervision extramural research projects; carry 
out liaison with research laboratories and the services 
development projects. 

Candidates must Canadian citizens British 
subjects, and graduates recognized university 
aeronautical mechanical engineering engineering 
physics (or the equivalent) with good academic 
standing. Some pertinent experience essential. 

experience. 

Employee benefits include five-day week, generous 
provision for vacation and sick leave, medical-hospital 
insurance plans, and attractive pension scheme. Ex- 
cellent opportunity for advancement. 

Inquiries are invited from interested candidates. Write, 
outlining briefly your qualifications, to: 


Director Personnel, 
Defence Research Board, 
Ottawa, Ontario. 


refer 57-DRB-2. 


MEMBERSHIP THE 


qualifications and annual dues set out the table 

below are those presently laid down the By- 
laws. The rates dues shown brackets are those 
applicable members who are also members the 
LA.S. who are resident outside 
Canada the U.S.A. 


The annual dues include non-deductible subscrip- 
tion the Canadian Aeronautical Journal. 


Applications for membership must made the 
approved forms, which may procured from the 
Secretaries the Branches from Headquarters. 
applicant does not apply for membership any 
particular grade, but each application considered 
the Admissions Committee and the Council, who 
decide the grade suitable the applicant’s qualifications. 
admission, the applicant informed his grading 
and the appropriate entrance fee and annual dues. 


The entrance fee $5.00, except certain special 
circumstances. 


ANNUAL 
GRADE QUALIFICATIONS 
Student Undergoing course study 
approved school engineering 
technology $3.00 
00) 
Technician Engaged technical work 
aviation $5.00 
($2.00) 
Technical Engaged science, engineering, 
Member research, manufacture operation, 
aeronautics related fields, for 
years graduated from ap- 
proved school engineering 
science $7.00 
00) 
Member Engaged aviation for years and 
acquired recognized standing $8.00 
($4.00) 
Associate Engaged aviation, though not 
qualified for technical grades 
$8.00 
($4.00) 
Associate Engaged aeronautical science 
Fellow engineering for years and been 
responsible charge made out- 
standing contribution $9.00 
($5.00) 
Fellow Been Associate Fellow for year 
and attained distinction aero- 
nautics $10.00 
($5.00) 
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A-26 Invader—1942 Skyraider—1944 
™~ 


LORD ENGINE MOUNTINGS HAVE PROVIDED: 


years smooth flying for Douglas 


XB-19 Flying Laboratory 
1941 


C-124 Globemaster 
1947 


Ever since the famous DC-3 was first produced 1935, 
Douglas Aircraft Co. has relied Dynafocal Engine 
Mountings for smoother, quieter flight. 

suspension systems support the full engine weight 
while isolating vibration and reducing noise from powerplant and 
propeller. This protects the airframe and reduces fatigue, 
making possible increased safety and greater passenger comfort. 

For the finest engine mountings for piston, turboprop and jet 
engines, Lord—the leader Engineered Vibration Control and 
bonded products. 


A-24, 
Super DC-6A, DC-6B, 


Lord bonded rubber engine 
mountings are standard 
most modern aircraft. Their 
rugged dependability assures 
superior vibration isolation 
throughout long service life. 


For full information get touch with any Branch of: 


New Glasgow Quebec Montreal Noranda 


LORD MANUFACTURING COMPANY Ottawa North Bay Toronto Hamilton 
Wind Sault Ste. Mari Winni Cc 


Another 
achievement 
the. 
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offing 


LANDING GEAR 

LANDING FLAP ACTUATORS 
NOSE WHEEL STEERING MOTORS 
CONTROL SURFACE ACTUATORS 
DIVE BRAKE ACTUATORS 

FUEL PUMPS 

BOMB DOOR ACTUATORS 
COCKPIT CANOPY ACTUATORS 
FOLDING JACKS 

MISSILE CONTROLS 
ACCUMULATORS 
COMPENSATORS 

TEST RIG ACTUATORS 

BALL SCREW ACTUATORS 


With the F.86, T.33 and CS2-F hydraulic components 
and landing gear still quantity production, another 
Jarry achievement the offing. The forthcoming 
flight the CL-28 will see the operation the landing 
gear and other hydraulic units which Jarry 
supplying Canadair for their new Maritime 
reconnaissance patrol aircraft, soon 

enter service with the R.C.A.F. 


Hydraulics how" has led the entire Canadian 
aircraft industry look Jarry, which now has more 
hydraulics flying than those any other manufacturer 
Canada. Our highly specialized design staff 
with large production department 

enables any hydraulics problem, and 

produce precision-made units consistent 

top quality. 


MONTREAL 18, CANADA 
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With 180,000 square feet floor space and about 650 
employees, this the largest plant its kind 


All details engine behaviour and performance are checked 


these well-equipped test cells, which are also the largest 
their kind Canada, 


THIS 


BRISTOL 


CANADA 


This modern test equipment calibrates the overhauled fuel 
system prior final assembly. 


Final assembly takes place Super Constellation turbo 
compound engine. 


Bristol Aero Engines Limited 


This large, ultra modern aero-engine repair 

and overhaul plant Montreal North services 
Wright turbo-compound engines for TCA’s Super 
Constellations and the C-119 and Neptune 
aircraft. Work engines and power plants 

for R.C.A.F. North Stars and Lancasters, and 

Meteor tank engines for the Canadian Army 

also undertaken. 
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SPECIFY 


ENGINES LIMITED 


CANADA 


MALTO 


ROE CANADA LIMITED THE HAWKER SIDDELEY GROUP 
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